$) ADDED DESCRIPTION 

VARIABLE AIR VOLUME SYSTEMS 

0348. 1 Because of the complexities of a VAV system with two or more terminal 
branches and a plurality of terminal VAV devices in constant modulation, it becomes 
necessary to address the performance of the primary mover, as well as the system whole 
and all aspects of the dynamics involved. The system curve independent pressure 
constant and parameters, as depicted in FIG. 23 illustrate the distinct window for VAV or 
variable hydronics system operation. During VAV operation (24), terminal branch 
dynamics change the total and terminal system (5). In doing so, the "critical run" or 
"critical path" must be established and also tracked by the control system, as the route of 
this path may also change and be assigned from one terminal device to another under 
differing conditions of operation. The described method addresses this problem, firstly by 
establishing the main critical run terminal from terminal device sensor input (4) and 
sorting each run (5) and device (3) in the system from least to most critical in total sensor 
value, with the least critical being assigned to the margin for diversity (22), these placed 
in either their minimum or closed positions. FIG. 20. 

0348.2 The constant established in FIG. 23 outlines all the necessary boundaries for 
the variable volume system and where to best place the operating point for the given 
mover and valve constants (1 1) at any speed or position. The method proceeds as 
follows: The main critical run is established with all dampers indexed to their maximum 
positions (HI) at their maximum mover driven RPM (11) required to achieve the 
prescribed flow rate with the given system profile as set here. 2) A critical run is 
established in minimum position (LO) for the minimum or lowest demand operating 
parameter. This repositioning is primarily due to the velocity factor, wherein flow 
coefficients (dynamic) factors change significantly with valve throttling, particularly in a 
velocity-based system. All ranges between parameters are also tracked when runs are 
sorted from least to most critical within the established boundaries (24). 
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SERIES OPERATION 



0348.3 Using embodiments described in series and parallel damper functions (18, 19), 
the control method utilizes automated controls to effect whatever main or terminal 
damper changes are necessary to maintain the operating point (10) where designated as 
terminal devices (3) and the system whole (5) modulate. For example, if a sub-system 
change such as would be caused by an opening valve on a terminal branch alters the total 
system curve (5) and rides the mover curve (1 1) to cause more sensed flow (Vp) - down 
and to the right - the main damper control, FIG. 16 (3) can respond by throttling down to 
create an artificial static pressure increase to meet and maintain the deviated operating 
point (10). An increase in flow signifies a decrease in pressure by conversion. For 
creating leverage in reaching critical runs or increasing the static pressure in a system, 
main damper control may be manipulated to produce static increase, as described in 
series damper operation. FIG. 16. 

0348.4 Though Total Pressure may be lost on the whole as well, the method and 
apparatus keeps this at a minimum through its key functions. Again, Total loss occurs in 
direction of flow or through System Effect losses never recovered at any point in the 
system (5). Subsequently, as Total Pressure is lost or gained, a function of the method 
causes the variable mover (1) to increase or decrease rotational speed (7) to adjust this 
measure in exact proportion to what was lost or gained, in this example using its Total 
Pressure sensors (13). Alternatively, the other sensors: SP, Vp (14, 15) may be used as 
well to adjust x or y values independently. The affinity relationship dictating that rpm is 
squared to all deducted pressures and cubed to BHP governs this calculating function. 
The specified content percentages (%SP %Vp of TP) will determine these net pressure 
losses and in what measure to effect motorized controls. 

0348.5 The final goal or step of this function is to return the Total System curve (5) to 
its original point of operation (10) along the mover or valve constant (11) and, ultimately, 
maintain optimal flow-pressure stability in the system whole (5). Increased diversity 
potential (22) in the system by way of the method and apparatus also provides a wider, 
more effective range for damper-valve (3) modulation and, thus, greater added stability. 
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The above functions may be alternately achieved by series blower operation FIG. 14C or 
any additional flow source in series. 

PARALLEL OPERATION 

0348.6 Similarly, if a static increase (SP) occurs and, thus, a dynamic decrease, then 
parallel operation (17, 19) can take effect as described in embodiments, whether through 
auxiliary fan power - a secondary mover in parallel (17), a relief opening, a bypass, or a 
secondary source of flow in parallel. FIG. 16A 

0348.7 The above description also applies to terminal devices (3) in series or parallel 
operation (18, 19) with secondary mover power, FIG. 15C and 15D, to create gains where 
losses of one form or another occur or, alternately, create dampering losses where gains 
of one form or another occur. FIG. 16, 16A 

0348.8 Among other influential factors, the above functions with "best mode of 
operation" being variable system function contribute to optimal flow-pressure or flow- 
head stability. This process can maintain total and/or terminal system flow-pressure 
stability and may track with any and all system or sub-system changes (5). More 
specifically, all mover and system components can track to folly articulate system 
requirements with or without auxiliary flow-pressure variables, e.g., from secondary, 
tertiary movers, other sources, etc. One key purpose serves the function of fill and relief 
valves or unidirectional valves, where flow and/or pressure are compensated or 
dispensated to maintain flow-pressure stability. 

0348.9 Using the above relationships through embodiments as described, affinity 
performance "projections" need not be followed as the method and apparatus follows its 
own sensor logic based in a real, "as-built" system as really sensed. Above all, all mover- 
system relationships are viewed and controlled in the context of correctly coordinated 
performance curves, as is the only valid means to proceed with accurate performance 
prediction. 
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0348. 1 0 Support of the method is strengthened by the fact that it is a deductive and not 
an inductive process based on Total, Velocity, and Static Pressures (13, 15, 14) being 
established independently through most to least accurate sensing. Static being the 
acknowledged least accurate field sensing method, it will always be accurately deducted 
from Total Power or Total Wattage and Velocity factors, closed loop or closed circuit 
differentials with an absolute value. As previously noted, however, Total and Static 
values may have atmospheric references or must be corrected for this and other internal 
losses as accounted for by said method through BHP evaluation. 

0348. 1 1 In any case, there will be at least three or more verification points, which will 
include the Total Power (voltage and amperage) deduction of BHP, considered as another 
of the most accurate data points in field measurement, along with RPM and a multi-point 
velocity reading to establish CFM flow rate, as with a pitot tube. The total wattage of the 
motor powered mover and the corrected BHP as derived from current readings is also 
represented by the "Mover Total Pressure," a key component of the apparatus, where 
voltage and amperage parallel static pressure and velocity pressure, respectively. 

0348.12 Additionally, this process can be described as a deductive method of Total 
Pressure and Total Power, namely where corrected BHP is concerned. Unknowns are 
determined based on interpolation between two or more firmly established knowns and 
step functions either compensate or dispensate pressure gradients as needed or demanded 
by a distribution system. 

0348. 1 3 The data points as described in "Initial Point of System Operation" also 
further support a starting point of system operation and continued tracked operation. Any 
unknowns that remain are further crosschecked by current power factors and negated or 
supported by those knowns most firmly established. Under lab testing conditions in a 
controlled environment, these performance characteristics will also be further supported 
by the described method and apparatus and carried into the field with greater certainty. 
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0348. 14 Through variable mover-system operation, the "best mode of operation," and 
critical path mapping, it follows that diversity potential in the distribution system is 
increased by way of the method and apparatus, thus providing a wider, more effective 
range for damper- valve modulation and greater stability for the system whole. 
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FIG. 2B depicts an "old school" rendition of how Mover Velocity Pressure is measured 
with a pitot tube connected to U-tube manometer. 

FIG. 3 shows a schematic illustration profiling a typical draw-through unit and its internal 
components with a breakdown of Mover Total Pressure, Unit Total External Pressure, 
Filter pressure drop, and Coil pressure drop. 

FIG. 4 depicts an enlarged view of a mixing box with mixed airstreams and damper 
control in Normal Mode Operation 

FIG. 4A depicts the same mixing box with 100% OA (Outdoor Air) and 0% RA (Return 
Air) as seen in Smoke Mode operation, along with a Total System Curve window 
reflecting SP, Vp, TP changes and OP (Operating Point) deviation. 

FIG. 5 depicts traditional fan performance curves of four different types. 

FIG. 6 depicts a typical "wide open" curve for an FC (Forward Curved) fan with a 
suggested system operating point shown. 

FIG. 6A depicts a mover "wide open" curve with three part pressure option displayed as 
made possible by said method and apparatus. 

FIG. 7 juxtaposes a known mover "wide open" curve alone and same with an unknown 
system attached. 

FIG. 7A juxtaposes a known terminal or in-line device "wide open" curve alone and 
same with an unknown sub-system attached. 

FIG. 8 depicts a typical Air-to-Water terminal heat exchange device with sensor 
placement and configuration. 
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REFERENCE NUMERALS 



1. PRIME MOVER 

2. PRIME MOVER FLOW-PRESSURE MONITOR STATION 

3. TERMINAL DEVICE 

4. TERMINAL DEVICE FLOW-PRESSURE MONITOR STATION 

5. THE DISTRIBUTION SYSTEM OR SUB-SYSTEM AND ITS CURVES 

6. USER INTERFACE PANEL DISPLAY 

7. MOTOR SPEED CONTROL 

8. HEAT EXCHANGE TERMINAL 

9. SIGNAL PROCESSOR 

10. OP (OPERATING POINT) 

1 1 . MOVER AND TERMINAL DEVICE CURVES / VALVE CONSTANTS / 
MOVER DRIVEN RPM 

12. SUGGESTED OPERATING RANGE 

13. TP (TOTAL PRESSURE) SENSOR PROBES 

14. SP (STATIC PRESSURE) SENSOR PROBES 

15. Vp (VELOCITY PRESSURE) SENSOR PROBES 

16. MOVER SERIES OPERATION 

17. MOVER PARALLEL OPERATION 

18. TERMINAL DEVICE SERIES OPERATION 

19. TERMINAL DEVICE PARALLEL OPERATION 

20. MOVER TOTAL PRESSURE 

21. UNIT TOTAL EXTERNAL PRESSURE 

1 
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22. SYSTEM DIVERSITY OR DIVERSITY FACTOR 

23. SYSTEM CURVE INDEPENDENT PRESSURE CONSTANT AND 
PARAMETERS 

24. VARIABLE VOLUME SYSTEM INDEPENDENT MINIMUM / MAXIMUM 
PRESSURE CONSTANTS AND MOVER-SYSTEM OPERATING 
BOUNDARIES OR RANGE 

25. THE INVENTION 
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every available component of such a system, offering output such as motor/drive 
recommendations, or final "as-built" retrofit options. 

FIG. 23 illustrates the final marginal boundaries for constant and variable system 
performance with a final pressure/head constant, low to high. 



DETAILED DESCRIPTION OF THE INVENTION 



0081 The process begins with the primary mover 1, which in this example shall be an 
HVAC unit and system equipped with some form of blower or fan to create air 
movement and generate system pressure. 

0082 The prime concepts at work here will be TP (Total Pressure,) the intended 
meaning conveyed to be understood as "all impact forces" static and velocity combined. 
SP (Static Pressure,) and Vp (Velocity Pressure.) TP = SP + Vp. It is understood that the 
latter two are mutually convertible throughout a given system and that TP decreases in 
the direction of flow. 

0083 As mentioned previously, unlike the traditional concept of TP, most fan curves 
indicate Total Static Pressures for viewing fan and system performance curves due to 
current packaged systems. A notation will be made where applicable. 

INITIAL OPERATING POINT FOR SYSTEM TOTAL AND PRIMARY MOVER 

0084 The standard procedure after "as-built" system start-up occurs begins with the 
following: A design system curve 5 operating point 10 based on fan selection will be 
displayed as intended for normal operation. Following this, the method and apparatus will 
take all necessary readings with its own sensors 13, 14, 15 and controls arranged 
according to the described method to establish an actual operating point 10. FIG. 9 
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0085 The conditions will be with completed, connected ductwork and all 
dampers/valves "wide open" or indexed to maximum positions with no unintended 
obstruction, under full load conditions, less diversity if one is present. 

0086 Dispersed throughout the system and not concentrated in any areas, the number of 
variable air volume terminals, automated dampers or valves whose terminal branches 
equal this diversity amount 22 shall be closed or placed in their minimum positions to 
accurately represent the system curve the mover is actually sized for, this amount being 
less diversity. "Terminal branch" shall be defined as a total of given individual terminal 
outlets/inlets and, thus, a subtotal of the whole system. 

0087 The above point often misunderstood, the primary mover's capacity should be 
sized exactly for the amount of "system" 5 it is to be applied to, no more, no less. Mover 
1 1 and system 5 are plotted against each other based on this premise being correctly 
established. The diversity 22 is an amount added to this that the system 5 can cope with 
when other parts are not in need or demand. This is why we negate that portion of the 
system when establishing a curve. Otherwise, the curve is misrepresented with more 
dimensional system 5 (length, surface area, etc.,) and, hence, a substantial deviation from 
the intended operating point 10 is depicted 6. FIG. 12, 12 A. Also, the whole point of a 
diversity factor 22 is defeated if not correctly applied. Another key advantage of the said 
method and apparatus is its allowance of considerably higher diversities, as well as its 
ability to map them within a given system 5. These functions result from traversing the 
varying landscape the system 5 as a whole is comprised of. (See section on system 
diversity and related claims.) 

0088 After the above conditions are firmly established, the process resumes as follows: 

1) A fan rpm reading may be taken with a photoelectric tachometer installed inside 
the blower housing and aimed at a reflective marker on the fan wheel. Alternatively, 
the FRPM reading may be taken by other means via motor control 7, etc. The motor 
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tag data, namely Efficiency, Power Factor, HP, Volts, and Amps, will be entered as 
known inputs to determine 2) BHP (Brake horsepower,) through the equation: V x A 
x PF x EFF x 1 .73 (3 phase) / 746. The factor of 1 .73 is negated for single-phase 
systems. 3) A Total Static Pressure will be taken with those static sensors correctly 
placed laterally at the blower cabinet, facing the inlet, and at the surface discharge of 
the blower; this to concur with manufacturer data and terms set forth previously. The 
appropriately situated flow monitor station 2 will accurately establish this static 
reading at its sensing station, along with 4) a Total Fan CFM, all at a location where 
there is laminar (uniform) flow. FIG. 1 

Note: The above sensing arrangement example conforms to current equipment 
performance data, based on Total Static Pressure, as described in Background. This is 
used for clarity, though all added advances of the method and apparatus, including the 
three-part curve analysis, are detailed subsequently. 

0089 Based on the above fundamental data, the system will attempt to establish at least 
three verification points that agree with projected system characteristics as specified. 
Mover performance is anticipated to follow the affinity laws and, if not exactly, conform 
to or closely parallel intended design curves, wherever their placement may be. If the 
fourth item deviates greatly from this framework of known characteristic operation and 
principles, some other unknown variable is at work in the system. The user interface 
system will display this as an error message and request that the problem be corrected 
before proceeding. 

0090 Only certain, known occurrences may distort the system curve 5 or plot one 
falsely. Among these known from prior testing and experience are the following: System 
Effect losses, as previously noted. This is a condition that will be recognized by an 
experienced balancer or engineer through visual inspection, followed by calculations to 
determine the extent of this effect, as it cannot be measured in the field with instruments 
or current automated control systems. However, the System Effect may be determined, or 
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moreover, ruled out, with said method and apparatus as the description supports this 
added claim, particularly due to the Vp gradient in mover evaluation. 

0091 The following known phenomena could also wrongly portray the system curve: 
two typical blowers operating in parallel and separately ducted to one another, load 
shifting with one another, a little known fact which has confused system and fan curve 
performance in the past; another, substantial leakage or bypassed flow within packaged 
unit housings, this being the minor concern. In any case, both are highly unlikely and a 
greater concern with outdated existing systems quickly being replaced. Another 
confusing factor may be poor instrument or flow sensor calibration (instrument 
inaccuracy,) leakage within near-obsolete dual duct (dual deck systems,) significant 
leakage in general, and other oddities that may be prevented with proper care, 
maintenance, and standard procedure as set forth by the certified balancing process of 
such systems. 

0092 A certified balancing firm ascertains flow-pressure rates with their own regularly 
calibrated instrumentation and this sets the record in agreement with properly installed 
flow-pressure sensors and hardware at the outset of a project. The described method and 
apparatus will be in agreement with this standard testing procedure. Any more obvious 
discrepancies such as motor belt-drive adjustment, alignment, motor power, slippage, or 
unit sizing will become immediately apparent simply through following these processes, 
one way or another, whether by field inspection or automated feedback from the method 
and apparatus. 

0093 This is where the role of a Testing and Balancing Supervisor is central. In 
conducting their own independent testing, the balancing agency will first confirm the 
collected field data with timely calibrated instrumentation. This will correct any 
calibration problems or more obvious logistical problems stemming from installation of 
the system, and most commonly resulting from simple equipment scheduling conflicts. 
After a certified balancing firm has followed their standard procedure correctly, all items 
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affecting these systems will be covered as they follow the initial procedures outlined 
here. 

0094 The flow monitor station 2 will also supply additional data underlying the theme 
of the isolated velocity gradient and static gradient as separate analytical elements, here 
comprising the total pressure and effective power which will be made available to the 
remainder of the system downstream. Aside from establishing total capacity (CFM) and 
Total Static Pressure, the station will also perform these functions as illustrated in FIG. 9, 
9 A, and 9B. Additionally, the static pressure profile, as previously described, will be 
displayed with the overall system diagram as shown in FIG. 1 and 3. 

0095 This will permit further, more detailed analysis of the air stream across its full 
path of flow from suction to discharge of the air-handling unit itself, namely to determine 
any deficiencies which may be caused by localized effects, such as filter loading or coil 
fin clogging and other such obstacles within the housing which may cause unusually high 
losses of a dynamic and/or static nature. When the profile is in question, it is understood 
that this be an SP (Static Pressure) profile, since using sensors only of this type are 
practical considering the logistics of unit housing. This may only require a single point 
reading in a normal enclosure, though an equal area average will be recommended when 
used in housings with unusual internal components that may created turbulence or eddy 
currents with air pockets. 

0096 If determining dynamic losses within a mover housing is desired, however, this 
may offer a lab use application, namely for the manufacturer to catalogue known 
dynamic losses at given pressure drops under pre-determined lab conditions. Note that 
static pressure drops alone are not indicative of flow rates through a known device (active 
or passive) in an unknown system, though this is one of many problems solved with the 
said method and apparatus, as set forth. The method and apparatus may also deduce that 
any static gain relative to total losses is indicative of a dynamic loss, and assess its 
specific content: TP - SP = Vp; %Vp of TP. 
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A DISTINCTION OF USES: LAB USE VERSUS FIELD USE 
LAB USE: WIDE OPEN CURVE 

0097 To begin with, a "wide open" test can be conducted under defined lab conditions. 
Note the typical 'Svide open" fan curve in FIG. 6, and the added options presented in 
FIG. 6A 

0098 This utility is the one that will use a three-fold method of assessing mover 
characteristics for tabulation or cataloguing purposes. The procedure will employ the 
base concepts of Fan Total Fan Total Static, and Fan Velocity Pressures as illustrated in 
FIG. 14, 14A, and 14B. Also refer to the main sensor logic layout in FIG. 13. 

0099 This arrangement will utilize three distinct sensor grids: 1) a total impact grid 13, 
2) a static pressure grid 14, 3) a velocity pressure grid 15, this simply being a differential 
of the previous two averaged signals, though a separate grid avoids any additional losses 
caused by T-fittings or other "tap-ins" from the other two grids that may distort the signal 
and produce an unacceptable standard of testing. Obviously, this lab use variation of the 
method and apparatus is best suited to a lab arrangement, where grids (sensing elements) 
can be removed and installed independently for each separate performance curve. 

0100 The test conditions must be made relative to atmosphere, and with any 
appropriate corrections made for other than standard air (70 F, Cp = 0.24, sea level, 29.92 
Hg.) Again, Vp is a positive reading taken in a closed signal loop (High to Low on a 
micro-manometer,) moving in any direction, but TP and SP are both either positive or 
negative, and relative to open atmosphere. Therefore, the manometer High or Low 
connection (depending on whether the air stream is discharge or suction) is to be taken in 
lieu of a tainted building envelope. 
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0101 The mover itself must also be in a location that is in perfect balance or constant 
volume neutrality, wherein outdoor air entering a building envelope equals exhausted air. 
If testing a non-ducted blower inlet, the discharge is usually ducted to its "100% effective 
length" to develop laminar flow and some form of static power by way of enclosure on 
the discharge side, as suggested by AMCA standards of testing. The described method 
and apparatus allows for this form or any other form of testing, with or without fittings 
attached as outlined by current methods. Note optional sensor grid arrangements in FIG. 
14A and 14B. 

0102 The readings can be made with test instruments, such as micro-manometers in 
certified calibration or a classic U-tube manometer, which requires none. 

01 03 The arrangement intended for establishing mover characteristics at any percentage 
of "wide open" flow will answer the following key questions: 

Q: How much of a total impact gain did this unit generate in of itself? 

Q: How much of the total gain is in the form of SP (Static Pressure?) % 

Q: How much of the total gain is in the form of Vp (Velocity Pressure?) % 

0104 A Vp/SP ratio or SP/Vp ratio may also be expressed as factors: Vp Factor. SP 
Factor. This data can then be used in coefficients and friction loss tabulation. 

0105 The above method and apparatus will provide indispensable engineering or "lab 
conditions" test data and is not the same as the arrangement in the installed version, as it 
may not be practical to have this three-fold sensor arrangement in a field version, let 
alone remove or replace sensor grids. For all intents and purposes, the above description 
is only necessary to establish comprehensive and official certified data for a catalogued 
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device. And once this is done, the mover is of known characteristics and its performance 
can then be accurately predicted with simplified sensing devices in field use. 

01 06 Measurements will be taken from inlet to outlet of said mover to illustrate the gain 
occurring during the air-fluid's path before and after encountering the mover at its full 
speed of rotation, namely driven RPM, where there is a drive involved 7, as opposed to 
direct drive, or other rotational speed as arbitrarily set. This will be useful for design 
considerations among many other uses. Following this initial orientation, a three-part 
performance curve comprised of TP, SP, and Vp will be plotted across the full range of 
rotation (fan RPM,) whether this is achieved by means of drive (pulley) adjustment, VFD 
(Variable Frequency Drive,) or any form of variable/multi-speed control 7. 

01 07 The "percentages of content," a term traditionally used in reference to mixed 
airstreams, will be determined: SP and Vp of TP. Namely, the Velocity Factor or 
Gradient of this content will be the key consideration in high velocity applications or 
systems and what remains is in the form of static pressure, or Static Factor. The latter 
would apply to high pressure-type applications and systems. Useful ratios will be noted, 
from percent closure to maximum/minimum flow capacity. Total Gains and Specific 
Gains, changes, losses, valuable characteristics can be viewed 6 entirely across the 
plotted full range of motion (fan speed or % of wide open flow,) with the ability to 
"interlock" all desired characteristics and constants for viewing consideration for their 
ultimate effect on the system whole. 

0108 The main panel display and user interface 6, made up of key components, may 
produce real or virtual testing by locking in the desired characteristics and obtaining all 
needed data required to build the ideal system 5, down to the very drive and pulley sizing 
required to do so. This process may begin as early as in the design stage all the way 
through to "as-built" status. 

0109 Alternatively, traditional blower characteristic curves, such as those shown in 
FIG. 5, may also be plotted, though these may be found to be less useful, if not irrelevant 
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within the context of a given real and articulated system connected thereto owed to 
current limitations of stock sizing and the "static" projection of such a system's "would 
be" performance based only on percentage of some damper closure. The key elements 
will be displayed 6, however, with the TP, SP, Vp gradient curves opted for, along with 
BHP curves plotted on the right side of the curve display, noting that these vary greatly 
with various mover 1 types. Most notably, centrifugal-type movers experience their 
lowest BHP at full closure while, conversely, axial or positive displacement movers 
experience their highest BHP at full closure or "no flow" shut-oif head. This latter point 
again emphasizes that any obstruction to the velocity gradient or its proponents within a 
system is counter-productive. As described, BHP is plotted from electrical data obtained 
from the motor 7 that powers the mover 1, namely its Voltage, Amperage, Power Factor, 
and Efficiency. This is plotted along with all other gradients across the full range of 
closure and mover rotation. FIG. 6, 6A. 

0110 In summary, the described method and apparatus will establish a comprehensive 
evaluation of all mover 1 characteristics, its values or lack thereof, in foil scope of 
operation, within or without the context of a connected system 5. This, in turn, will 
establish the best suited operating range, or point of greatest SP/Vp throughput gain for 
the given mover. Most movers have a "no select" performance zone, roughly defined as 
anywhere below 40% of wide open flow, where flow characteristics are deemed 
unpredictable enough to preclude reliable equipment selection below this point. Wide 
Open Fan Curves will clearly delineate this boundary in cataloguing. 

0111 The method and apparatus can also be employed to determine which system 5 or 
type of system (vessel or conduit of air-fluid delivery) is best suited to that specific type 
of mover 1 for the desired application by mating the given mover to its ideal system in 
every measurable degree. This automated pairing of mover to system, and vice versa, 
along with being a mover-system design and selection tool, presents additional claims. 

0112 Again, alternate functions may be served with or without a "blow-through" or 
"draw-through" system attached. Also, it should be noted that a blower alone is not a 

41 



packaged system, but merely an atmosphere exposed 'Vide open" system that is tested 
under agreed upon standards, such as those established by AMCA. The Wide Open 
Curve will show the recommended operating percentage of closure, although the optional 
sensor arrangements shown in FIG. 14A and 14B may be used to test an already 
packaged or fitted unit within or without a complete system 5. 

0113 This condition becomes understood when a packaged system is placed in the 
typical fan housing cabinet, along with any throttling that occurs beyond that point by 
means of main dampers, vortex blades, mixing boxes, etc. Again, the effect of 
atmospheric pressure bearing down on the inlet (+14.696 PSIA absolute,) such as would 
be created under wide open testing of a mover, will not be the same once enclosed and 
operating within a building envelope, especially where an open plenum (non-ducted) 
return is involved. Building pressurization will compromise the test area. These or any 
such biased conditions should be noted, controlled, and parlayed with consistency 
through to the mover's final packaging and application in the field. 

01 14 Finally, after the mover's "wide open" characteristics are evaluated using the 
described method and apparatus, the process may be continued through to a packaged 
system, where the TP curve is replaced by TSP or TESP (refer to FIG. 1 and FIG. 3.) in 
any other form, delineation, or combination. 

FIELD USE 

0115 Under field conditions testing of an "as-built" system, best results will be 
achieved if the said method and apparatus was used from origination. If this is not the 
case, "aftermarket" components may be installed as a retrofitted option. For example, 
necessary key system components may be fitted with some or all of the sensor grids 13, 
14, 15 or equivalent inlet/outlet-only sensing arrangements, along with the user interface, 
which may be as large as an entire building management system 6, or as small as a 
localized push-button display panel 6. 
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0116 In any case, utilizing the method and apparatus according to specifications will 
produce far superior results than traditional methods of sensor control currently in use, 
particularly with proper calibration using the same procedures outlined here. 

0117 Again, the TSP, SP profile, and resulting TESP will be the main concerns in field 
use with an existing system. First, maximum load conditions as described in 
"Background" are clearly established. The initial start-up procedure then follows, as 
outlined in the section: "Initial Operating Point of System Total and Primary Mover" 

0118 Subsequently, many unknowns may be determined. For example, a known mover 
1 with an unknown system 5 attached may be evaluated, or vice versa. Once mover 
characteristics 1 1 alone are established, then the true operating point 10 of an unknown 
system connected to that mover may also be established. FIG. 7. This added function 
presents additional claims on the method and apparatus. 

HYDRONIC AND FLUID PUMPING VARIATIONS 

01 19 Unlike air and gas systems, hydronics or heavy fluid systems will have key 
differences as follows. The primary concerns will be TDH (Total Dynamic Head), NPSH 
(Net Positive Suction Head), suction lift in open systems, maintaining a water level 
datum line in open system basins, and having adequate fluid in either type of system to 
reach the highest point of the given system without any entrained air. The key breakdown 
of hydronics terms: dynamic heads (velocity head pressures - dynamic discharge and 
dynamic suction head) or static heads (weight or pull of a length of water column in the 
form of either static suction head, static suction lift in open systems, or static discharge 
head.) The other determining factor in hydronics pump sizing is piping friction losses. 

OPEN AND CLOSED SYSTEMS 

0120 Total Dynamic Head is the fluid equivalent of Total Static Pressure in modern 
blower performance curves and for all intents and purposes establishes total power 
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generated by the primary mover 1 . It is measured as a differential of suction and 
discharge (dynamic) forces produced by the working pump, preferably by one differential 
gauge connected to do so. The measuring unit is Ft/HD (Feet of Head) for pumps and 
terminal, in-line units, and inches of water for calibrated balancing valves, or "circuit 
setters." PSI gauges are often connected anywhere taps or gauge cocks are located in the 
system and are then converted to Feet of Water units as required for monitoring basic 
pressure drops at critical points of the system, such as makeup water or bypass junctures. 

0121 Open systems require more critical monitoring, particularly those having elevated 
pump centerlines and, hence, static suction lift due to elevation. In hydronics mover 
selection, suction lift is added in total pumping head required in this type of system, 
including piping friction losses and static discharge head. This is done rather than 
figuring a difference of the two heads as in systems having both sides, supply and return, 
elevated above the pump centerline, open or closed inclusive. In the latter case, the 
elevated piping systems have the closed, connected water columns bearing down upon 
them and these forces are hence, negated, from the pumping total power, plus piping 
friction losses. 

0122 Unlike raised piping systems, having a suction head makes it more difficult to 
maintain an adequate Net Positive Suction Head in open systems. Maintaining water 
levels at cooling tower basins are also a prime concern with open systems, as if they drop, 
vortexing can occur at the basin and possibly cavitate the suction side of the tower's 
pump with entrained air. These are not concerns with closed systems. Some common 
problems they do share, however, are the following: air entrainment. Having air vented 
from the systems at crucial points to prevent damage due to entrained air entering the 
pump casing is critical. Having an adequate water level in the whole system, as 
determined by a <6 pump-off 9 PSI (converted to feet) as a direct indication of actual height 
from the pump centerline to the highest terminal point of the system. The expansion tank 
or compression tank is another key component that handles any volumetric changes due 
to temperature/density and air entrainment that might damage the system as well. The 
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tank generally needs protection against a condition known as "water logging" when 
managing air entrainment and volumetric changes in the system. 

0123 Aside from these variations, the lab and field condition testing procedures 
outlined in air systems apply as well with hydronics or fluid sensing elements using the 
same basic principles. Dynamic flow or Velocity Head in heavier, less compressible 
fluids, however, has been all but negated entirely for practical design considerations 
(from a design perspective,) though lighter fluids and mixtures may reap a greater 
advantage from establishing the velocity gradient, along with the Static Head (or 
Pumping Head) content, especially since large demands are made on brake horsepower 
and, thus, total power (kilowatts) where high static heads (or pressures) are applied too 
liberally. Terminal devices, however, in either air or fluid systems, are velocity-oriented 
when plotting flow curves and may show more relevance in this area where practical field 
or lab considerations come into play; the prevalent point here being that neither factor be 
neglected throughout the given system. 

0124 As with air movers, high and low-pressure type pumps are available as well. Low 
pressure types (positive displacement pumps) are seldom used, centrifugal being the most 
widely used in most commercial/industrial pumping applications. The former have other 
specialized uses, such as in scroll or screw-type compressors and engines moving gas or 
other light fluid mixtures. In this context, however, positive displacement pumps present 
problems to hydronics systems, which are inherently pressure-oriented. These pumps are 
pressure constant and cannot deal with sudden or extreme pressure changes, like being 
throttled at their discharge or suction side, or having automatic two-way valves in a 
system close down on low demand. They can be seriously damaged this way, and when 
they are used, many employ a differential bypass sensor to counter this effect, directly 
bypassing flow from inlet to outlet of the pump. They generally produce a steep 
performance curve, while flatter curved pumps (typically centrifugal) are desirable for 
most applications where pressure drops are to be kept relatively equal at all piping loops, 
particularly around the equipment room, where heat exchangers, the expansion tank, and 
other key components of the system are located. Differential sensors (velocity oriented) 
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are also used in normal hydronics systems to maintain constant flow through the pump, 
chiller/boiler (heat exchanger,) and other key equipment while piping sub-circuits 
fluctuate in their own pressure drops under the varying conditions of automatic control. 

0125 After all entrained air has been removed and all strainers cleaned to bring the 
system to normal functioning status through normal start-up by an installing contractor, 
the procedure for establishing performance characteristics is begun. This parallels the 
blower's sequence of steps and the testing and balancing procedure therewith, with the 
key differences illustrated in FIG. 22A, a hydronics system flow chart. 

0126 The pumping affinity laws are basically the same for head (pressure) flow and 
BHP relationships, the major difference being that flow and pressure increase with an 
increase in impeller diameter, directly in relation to flow and squared to pressure ratios; 
whereas fan rpm (rotation) 1 1 is the key difference with air systems, though driver pulley 
adjustments parallel this as well: an increase in sheave size (pitch diameter) equals direct 
increase in flow by increasing fan RPM 1 1 . 

01 27 The other notable difference in a hydronics system is that as Total Dynamic Head 
(a velocity head) goes down for a given system, flow (GPM) goes up, whereas in a given 
air system a higher velocity pressure will always signify higher flow- volume (CFM,) 
whether at the primary mover or terminal flow device. This hydronics contingent, 
however, is based on the context of a given piping system, one that has much less friction 
loss than designed for and, thus, more free flow. This is quite common since many safety 
factors are employed in hydronics systems design. 

0128 One source of confusion in both systems perhaps stems from equating a velocity 
head or pressure with a pressure drop, also a differential measurement, often wrongly 
ascribed as a measurement of velocity. This may be delineated from the inlet to the outlet 
of a terminal or in-line device, or the given distance across which force is applied. A flow 
metering process may arise from using the known pressure drop of a device, for example 
to establish a Cv, though this is not a method of determining any kind of true velocity 
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change the fluid is undergoing aside from a known device in a known context. Therefore, 
this idea follows out of contingency, not necessity. And certainly, this is not a Velocity 
Pressure (Vp) in the true sense, though it has often been misconstrued as such in many a 
practice. Again, the key understanding involves which unit of measurement is accepted 
and agreed upon for a given, known system whose performance characteristics were 
established based on those same principles. 

0129 Whatever type of mover, air or hydronics, the units and methods of establishing, 
then parlaying their performance are used perhaps because they best suit the current 
packaging and context they are most used in, as explained previously with packaged 
systems. Also, a mover 1 is an active device, while a terminal device 3 is a passive 
device. The active device generates continual applied force and the differential is one 
created by the input and output forces of the mover, from rear to front. 

0130 The terminal device 3 passively accepts the applied force and only creates loss of 
Total Power in the form of both Static and Velocity pressure, and not in equal measure. 
Above all, the terminal device's pressure drop alone is not a measure of velocity and 
static content, though its "total drop" and "specific drop" will be relevant in surmounting 
its total losses as a passive device. Delineating this measure of forces from primary 
mover 1 to terminal flow devices 3 sets the framework for determining which movers 1, 
terminal devices 3, and systems 5 are best suited for one another and how they react to 
one another. 

0131 The method and apparatus for general applications also complements the standard 
procedures for those skilled in the art of hydronics engineering or balancing: 

GENERAL USE 

0132 A performance curve is plotted at "wide open" flow, or with a given known or 
unknown system attached, from zero flow at TDH to full flow at zero head. This also 
establishes the impeller diameter, assuming equipment selection is consistent with 
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submittal data. The remaining procedure of said method and apparatus follows the same 
guidelines for air system movers and terminal devices, with exceptions duly noted in this 
specification. 

A CLOSED SYSTEM 

0133 A closed system is less concerned with atmospheric pressure or makeup water, 
only that there is an adequate amount to fill the system without any entrained air. The 
TDH is normally a velocity head differential, dynamic discharge head minus dynamic 
suction head. I.e., nothing is added to account for static suction lift, as the close-piped 
returning loop equalizes the forces. 

AN OPEN SYSTEM 

01 34 A system open to atmosphere must maintain a water basin level at a given datum 
line to provide adequate static head and prevent cavitation on the suction side of the 
cooling tower pump. In order to do this, makeup water must be introduced through a 
regulated valve and flow sensor (Terminal Devices.) 

0135 The other key concern with the open system arises if there is suction static head 
below the pump centerline. This most often requires a much larger primary mover 
because the static suction lift, discharge static head, plus piping friction losses on both 
sides are added together, resulting in a much larger, higher pressure-producing pump 
being necessitated. This arrangement is mostly avoided in real systems, though 
logistically necessary in some cases. 

PRIMARY AND TERMINAL COIL HEAT EXCHANGE 

0136 Heat exchange may be monitored at every juncture in a distribution system at 
which is placed a heat exchanger 8 in some form or another. Regarding air to water 
exchangers, such as that shown in FIG. 8, heat transfer characteristics may be determined 
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using the following equations, Q representing heat flow rate in BTUH (British Thermal 
Units/Hour): 

Qs (sensible) = 1 .08 x CFM x DT (air side dry bulb) 

Qt (total) = 4.5 x CFM x DH (enthalpy differential from air side wet bulb: HI - H2) 
Qt (total) = 500 x GPM x DT (water side) 
Ql (latent) = Qt - Qs 

And for other than standard air and water: 

Air or gas: Qt = 60 x d x CFM x DH (enthalpy diff. - from wet bulb.) 
Qs = 60 x Cp x d x DT (air side - dry bulb in F.) 

Water: Qt = 60 x Cp x d x GPM x DT (water side) 

Thermal Fluids: Qt = GPM x SG x 500 x Cp x DT (fluid side) 

Note: Fluid or gas mixtures, such as glycol solution with an arbitrary percentage of 
content would have their own flow charts or tables that provide correction factors for Cp 
(specific heat) and d (density) or SG (specific gravity) with the equation above for 
thermal fluids or aqueous solutions. These figures would vary based on the temperature 
of and percent mixture of the solutions. 

D = Delta (referring to temperature or enthalpy differential) 

H = Enthalpy, as read from a psychrometric chart from corresponding wet bulb reading. 
Qt = Total heat flow 
Qs = Sensible heat flow 
SG = Specific Gravity 
Cp = Specific Heat 
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Note: Q sensible is used for heating only mode operation and Q total for chilled 
water/liquid cooling. Latent flow may be used to determine a ratio of air moisture content 
(total/latent) and may be used to determine grains/lb or lb/lb of moisture on a 
psychrometric chart or tabulated data with the following equations: 

Q = 4840 x cfin x DW (pounds of moisture) 

Q = 0.69 x cfin x DW (grains of moisture) 

Heat exchange effectiveness equations: 

E (Effectiveness) = actual transfer for the given device / maximum possible transfer 
between airstreams 

E = Ws (XI - X2)/Wmin (XI -X3) = We (X4 - X3)/Wmin (XI - X3) 

E = Total heat effectiveness or a breakdown of sensible/latent effectiveness 

X = Dry bulb temp, humidity ratio, or enthalpy at the locations indicated in FIG. 8B, all 

differences being positive values 

Ws = mass flow rate of supply air, pounds of dry air per hour 
We = mass flow rate of exhaust air, pounds of dry air per hour 
Wmin = lesser of Ws and We 

Leaving supply air condition: 

X2 = X1 - [e Wmin/Ws(Xl -X3)] 

Leaving exhaust air condition: 

X4 = X3 + [e Wmin/We (XI - X3)] 
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0137 It should be noted that maximum effectiveness potential can never be more than 
the enthalpy (total heat) differential of the two airstreams. Counter flow heat exchangers 
have the greatest maximum effectiveness theoretically approaching 100%. Secondly, 
Cross Flow exchangers exhibit maximum effectiveness at mid-range. Lastly, parallel 
flow heat exchangers are approximately 50% effective and are used more for specialized 
purposes, where no other configuration is feasible. 

0138 It should be noted that closed pipe loops, or "run-around' heat exchangers (air- 
fluid-air) have individual components whose effectiveness is combined by factoring. For 
example, if two devices each have an effectiveness of 90%, the two are factored to 
determine combined effectiveness: e.g., .90 x .90 = .81 effectiveness (or 81%.) 

0139 The described method and apparatus will address the basic key issues of heat 
exchange through automated temperature sensing of air or fluid streams in any form, 
number, or combination, including but not limited to the depictions shown in FIG. 8, 
FIG. 8A, and FIG. 8B. The sensor logic utilized by the method and apparatus will pertain 
directly to thermal dynamics and fluid mechanics, namely to exploit the maximum 
potential of any given movers 1 and terminal devices 3 under given conditions. This 
includes the total and specific fluidic gains/losses the components of the distribution 
system create in of themselves and, above all, these previous elements may be 
manipulated in cooperation with one another for maximum heat exchange effectiveness 
under varying conditions. 

0140 Once establishing maximum effectiveness possible - actual versus potential - the 
system will monitor heat exchange devices 8 continually because pressure drops and heat 
transfer coefficients will increase over time or misuse as these are susceptible to 
corrosion, cross leakage, fouling, freeze-ups, and condensation, all of which are factors 
that will increase heat transfer coefficients and, thus, minimize effectiveness. These are 
the key and relevant items that will be addressed by said method and apparatus through 
both flow-pressure and temperature sensing considerations. 
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0141 BTUH may be determined entirely by temperature sensor input and calculation 
and will fluctuate to reflect changes in increasing and decreasing load. The accuracy of 
this method, however, suffers at temperature differentials below 10 and is further 
confused by the heating advantage of maintaining approximately 90% of heat exchange 
at only 50% hot water flow in heating modes of operation. Thus, the most accurate 
method of monitoring BTUH when ideal conditions are not available is to monitor water 
side (GPM) flow rate with a flow meter or calibrated valve (Terminal Device) and, 
similarly, establish the total air side flow rate by way of the flow monitor station 2 
simultaneously. 

0142 The method and apparatus will perform calculations based on temperature 
differentials, known coil flow-pressure drops, valve coefficients, and its own air-fluid 
flow-pressure sensing as set forth in this description, noting any reasonable limitations 
that would prevent it from producing accurate results and displaying them on the user 
interface. 

TEMPERATURE/DENSITY CORRECTION 

0143 A correction factor for total airflow measured at an appropriately situated flow 
monitor station, if provided, will be supplied based on any deviation from standard air 
conditions at 70 F, 29.92 Hg (or 14.696 PSI) atmospheric pressure at sea level, specific 
heat (Cp) of .24 Btu/lb, and a density of .075 Ib/cu ft. For other than standard air: V = 
1096 SQ. RT. Vp/d. Temperature and altitude influences will cause these changes and the 
system will correct for air-gas temp./density or fluid viscosity. Water does not require 
correction if measured with the GPM unit, which already accounts for volumetric flow. 
Standard water: Sea level, 68 F, Cp = 1.0, d = 8.33 lb/gal (or 62.4 lb/cu. ft. when not used 
in a GPM equation.) This is obtained from 8.33 lb/gal x 7.49 gal/cu ft = 62.4 lb/cu. ft. 

0144 Fluid density properties will also vary for fluids other than air, such as gases, 
glycol solutions, or any other fluid or mixture being distributed and delivered in a given 



52 



53 



or changing state. Corrected flow-volume rates and pressures will also reflect these 
changes, based on the given gas-fluids 5 varying densities and SG's (Specific Gravities.) 

0145 Note that either the flow sensing instruments or the temperature sensing 
instruments may make these adjustments - relative to any deviation from standard air, 
water and known fluids - but not both. 

RH - RELATIVE HUMIDITY 

0146 RH may be determined with dry and wet bulb sensors placed at all required 
locations, preferably in an equal area traverse arrangement when taken in an open cross- 
section, such as at an open filter intake. 

0147 This arrangement will anticipate air stratification and avert incorrect temperature 
sensor feedback due to localized effects, such as those caused by stratified air, 
particularly in a mixing box. Here, air streams of distinctly differing temperatures, 
densities, and moisture contents are being combined quite suddenly, namely outdoor air 
with return air from one or more sources. 

0148 When a mixed air enthalpy or content is to be determined in a mixing box, as 
opposed to two ducted airstreams wherein they are measured separately, a traverse must 
be performed to obtain truly accurate results due to air stratification and turbulent 
conditions, again pointing out another limitation of current sensor use and placement. 

0149 Normal sensing locations include entering and leaving coil, outdoor air, and 
return air, preferably when ducted separately. When they are not, the two must have 
distinctly original and separate sources, otherwise the air is already mixed. Alternatively, 
the combined air may be traversed at the face area of the mixing box as is and results 
averaged. 
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01 50 Open plenum air handling rooms tend to foster the problem of indefinite air 
mixtures with one or more systems sharing return wd outdoor air sources and, 
consequently, load shifting with one another. Also, it is nearly impossible to determine 
exact degrees of OA or RA content per each system, let alone precisely adjust them 
independently of one another by damper control. Each unit and heat exchanger 8 should 
account for all air supplied by returning that air in equal measure from its own zones 
served, less any outdoor air entering through itself. 

0151 Indoor conditions will be quite different from one location to another, particularly 
in open plenum returns or partial ducted (transfer-type) arrangements, which clearly don't 
work and cannot be assigned definitive CFM ratings due to near total static pressure loss. 
When a questionable situation arises, sensors should be placed at either a central return 
air location or an average taken of all return air locations in distinct zones close to or just 
inside the register inlets where indoor air samples are truly representative of indoor 
conditions, reflecting occupant loads, equipment, lights, and overall latent and sensible 
influences after they have taken effect. Odd or isolated zones should be avoided as 
opposed to central thoroughfares where there is occupancy and kinetic activity. 

0152 Latent changes may be viewed in terms of air moisture content, or the addition or 
removal of moisture content, which may be expressed either as a ratio or actual moisture 
in lbs/lb or grains/lb, as described in the previous section. This may also be converted to 
gallons, liters, or any unit required with or without a flow rate. 

0153 Using the correct method and locations for temperature sensing, mixed air is 
calculated as follows: 

%OA = 100 (Tr - Tm) / (Tr - To) 
%RA = 100 (Tm - To) / (Tr - To) 

Hm (mixed air enthalpy) = XoHo + XrHr / 1 00 
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X = %(OA orRA) 

H = Enthalpy (OA or RA) 

0 1 54 The mixed air enthalpy represents the actual load the coil or heat exchanger has to 
deal with, not just indoor air alone. Again, more OA = more load on coil. Basically put, 
MA is the entering air as a whole. It will be standard for most systems that have outside 
air or any other returning air stream originating from more than one source that will mix 
with the primary air and, hence, enter the coil or heat exchange device. The total load 
(Qt) on the coil 8 or exchange surface will be the total heat transferred between the 
entering (mixed) air stream and the leaving (supply) air stream as specified by design. 
Wet bulb temperatures and the corresponding enthalpy differential as expressed in the Qt 
equation noted previously shall apply. Qs may be used for heat mode, heating-only 
systems, or any analysis reflecting dry bulb (sensible only) changes. 

0155 The building load calculation will largely determine the sizing (capacity) of the 
coil/heat exchange device 8 needed and its resultant pairing with a mover 1 designed to 
supply the volumetric flow necessary to distributed this heat flow to meet peak load 
demand and create air changes/hr, another code requirement that varies with each type of 
dwelling. ACH = CFM x 60 / Rm. Vol. 

01 56 Note, however, that, contrary to popular belief and outside of typically packaged 
systems, there is no truly direct or measurable relationship between heat transfer and a 
CFM capacity rating. It is a unilateral equation, though a CFM rate may be established 
deductively from heat transfer of a known system in a given context, after the fact. One 
follows the other from contingency rather than necessity. The equations are still relative, 
namely to their differentials of temperature and enthalpy. This is where the sizing and 
flow capacity (CFM) of the mover stands to change for the better with improved flow 
delivery, from end to end of the distribution cycle. Overall, it exemplifies the distinct 
advantage of precise fluidic control, totally and terminally, along with likewise thermal 
control wherein they reap mutual benefit. 
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PSYCHROMETRIC CHART DISPLAY 

0157 A full display 6 of all heat flow movement on a psychrometric chart may be 
provided for a fully comprehensive analysis of enthalpy changes, sensible and latent heat 
flow of all airstreams depicted, including mixed airstreams, effects of adiabatic 
saturation, lb/lb or grains/lb of moisture in air. It may also be used to illustrate actual heat 
flow by animating the distinctly horizontal, vertical, and slanting moves that sensible, 
latent, and other more complex changes, such as adiabatic saturation, incur. This may 
also be used in conjunction with the Vectorial Display 6 described in this later section. 

TERMINAL FLOW CONTROL AND SENSING DEVICES 

01 58 Ideally, the terminal flow control 3 and sensing devices 4 are an integral part of 
the invention 25 as whole, though one may be viewed as a separate device in the form of 
a partially retrofitted option on new or existing systems 5. The terminal system 5 and its 
components are essentially a microcosm of the mover's functions and complement its 
performance in the most effective way possible with the described method and apparatus 
air-fluid distribution system and associated performance curve characteristics. The key 
difference, again, is that the terminal device 3 is a passive one, whereas the mover 1 is an 
active one. 

0159 Above all, the sum of the individual needs of the components of a system 5, less 
diversity factor 22, will determine overall demand on the system as a whole and it is in 
the success of these sub-systems that success of the whole is largely contingent upon; 
success here being defined as achieving optimal efficiency of local operations with least 
total demand being placed on the primary mover 1, and, hence, the total power usage of 
the system in whole; in a given time period, under maximum load conditions. 

0160 It is understood, however, that in a variable system 24, loads are changing or 
shifting from one area to another during the course of a day in an occupied space, and so 
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maximum load per zone is the local concern. The primary concern is the total required for 
all zones, less diversity 22; in so far as the primary mover 1 is concerned and what it may 
be expected to achieve. The terms "instant" and "not instant" are used to indicate where 
and when air-fluid flow and zone temperature conditions are available at any given time. 
They are not instantaneous, as air-fluid flow and heat exchange thus produced is directed 
to where it is needed and when it is needed. 

SYSTEM DIVERSITY 

0161 When a diversity 22 is present, as recommended, the described method and 
apparatus may be used to 1) expand or widen the diversity beyond what was previously 
possible and 2) determine which path(s) of distribution can best be utilized in dispersing 
range and run of this diversity, through thermal and fluid mechanic considerations. 

0162 FIG. 20 illustrates a shorthand representation of diversity. The boundaries 
represent that portion of a system exposed to one side of a building or zone and its 
changing load over the course of a day. 

0163 Minimum load conditions or flow positions will automatically be addressed by 
the method and apparatus by placing them into the increased margin of diversity 22 than 
would normally be available with current systems, as these tend to over-perform at this 
low end of the spectrum. This may be due to lingering dead bands that linger too long 
when a zone seeks to return to minimum cooling or just enough to maintain the "mean 
temperature average." 

0164 The zone settings and temperatures, however, will always be at the mercy of 
localized zone sensor placement and/or occupant settings if local control is enabled. 
Some systems allow local control to be disabled and can only be set from the main 
building or energy management system to rule out the "occupant tampering" element. 
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0165 The main problem, however, usually arises from zones whose boundaries are not 
clearly delineated, or "crossover zones" as we will call them. For example, one branch of 
a system supplying enclosed offices is controlled by a corridor sensor external to the 
offices and, thus, this terminal branch's VAV controller and temperature control is 
dictated by sensor input from an area entirely separated from or only somewhat adjacent 
to itself. Another example: an open space with cubicles served (conditioned) by two or 
more different systems with the zone sensor having been placed at a far wall somewhere 
due to construction or architectural logistics, etc., and not where the occupants actually 
work. Though rarely seen, some systems use averaging sensors in more than one location 
to compensate for this problem. However, the emphasis of these existing systems weighs 
too heavily on temperature feedback and temperature sensing in general. 

0166 By and large, the described method and apparatus differs from existing systems 
with its emphasis on fluidic control, as overlooking this vast step and placing higher 
concern with the end result alone (temperature) is a far-reaching problem in itself. The 
air-fluid's mechanics and the path it takes to reach its destination are what make the 
highest demands on the primary mover 1, and hence, total power consumption on itself 
and the coil/heat exchanger 8 as well, whether this is a refrigerant or chilled/hot water 
coil. 

0167 If air-fluid is not distributed to a conditioned zone in adequate measure, the zone 
will take longer to cool, refrigerant compressors will cycle up, and chillers will operate 
on higher load demand as well. Returning air-fluid will have as much to do with this 
effect as supplied air-fluid and the obstacles that must be overcome in the circuitous path 
5 to and from the primary mover 1 , or any additional mover within the system, or sub- 
system within the system. Applying the fluidic attribute to existing temperature and load 
management via temperature control will only improve these systems vastly and establish 
the best means of achieving the required end of automated temperature control systems, 
as one cannot be correctly justified without the other. 
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0 1 68 Among all else, the method and apparatus is essentially an intelligent and fully 
articulated flow-pressure control device, though it will operate within the framework of 
any new or existing system 5 notwithstanding any limitations of the actual valve or 
'Variable air volume" terminal 3 - in simplest form a motor-controlled damper with a 
defined range of motion - to which it is fitted. Regardless of the existing terminal 
device's limitations, the said method and apparatus will enable the best possible and most 
articulated control of that existing device and system until a novel VAV, damper- 
actuator, or valve succeeds current ones and same principles will apply. In fact, the 
method and apparatus will directly result in the development of a successive device 3 or 
mover 1 through its very utilization. 

0169 Above all, the method and apparatus will diagnose problems with and evaluate 
the effectiveness of the existing terminal flow device 3 to which it is connected, how to 
best employ its more desirable qualities and, in lab use, assist in developing a more 
effective device for future field use. 

LAB AND FIELD USE EMBODIMENT 

01 70 In terms of a significant embodiment, the apparatus and method of such, will also 
operate as an air-fluid valve flow-pressure metering and diagnostic device across the 
valve or damper's fiiU range of motion, establishing unique characteristic curves, along 
with all described advances of current invention. This compound function will enable the 
apparatus to plot a complete portraiture of all of the valve characteristics based on the 
starting point (constant) of a given total pressure or total power input. The correction 
factors for fluids other than standard air or water will be applied as constants or variables 
aptly noted as such. 



59 



60 



LAB USE OR ENGINEERING DATA 

0171 The output display of the method and apparatus will, first and foremost, illustrate 
how much Total Pressure or power is lost through the air-fluid valve or terminal control 
unit's orifice, with mover application being held constant. 

0172 FIG. 1 1 illustrates the main display of a modulating terminal device 3 as it might 
appear for full evaluation with optional settings for any and all variables present. 

01 73 Additionally, the method and apparatus will note and display 6 highly descriptive 
information pertaining to the said valve's flow characteristics across a full spectrum of 
effectiveness or non-effectiveness and may include a traditional Cv (valve flow 
coefficient) for hydronics applications, though this considers only dynamic losses based 
on an effective area inside a valve or terminal device 3 for standard water at 1 PSI of drop 
in its full open position. Similarly, a K factor or Ak factor negates the SP gradient. Most 
catalogued equipment will simply designate a generic pressure drop in "WC (or U WG) 
units and so we will distinguish between all unitary elements at work and their specific 
role throughout this description. 

0174 Referring to FIG. 11, FIG. 15, 15A, and 15B, once overall loss of TP is exhibited 
in full open position, a Total Static pressure drop (SP) and Velocity Pressure drop (Vp) 
will be depicted as well to evaluate test environment or "as-built" characteristics. This 
will also establish a design method for calculating system friction/head losses and, 
conversely, those that would contemplate high velocities. 

0175 As with the primary mover's Total Gains and Specific Gains, the terminal device 
will illustrate Total Losses and Specific Losses. Above all, it will answer the following 
key questions, as posed here: 
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Q: How much of a total impact loss did this unit create in of itself? 
Q: How much of the total loss is in the form of SP (Static Pressure?) % 
Q: How much of the total loss is in the form of Vp (Velocity Pressure?) % 
Vp/SP ratio or SP/Vp ratio, or expressed as factors. 

01 76 This will provide useful, if not all required engineering or "lab conditions" testing 
data and is not the same as the field or installed version, as it is not practical to have this 
three-fold sensor arrangement in a field version. It is only necessary to establish 
comprehensive and official certified data for a catalogued device. And once this is done, 
the device is of known characteristics and its performance can then be accurately 
predicted with simplified sensing elements in field use, and more so with the now fully 
articulated method as follows. 

01 77 Measurements will be taken from inlet to outlet of said valve or terminal control 
unit 3 to illustrate the loss occurring during the air-fluid's path before and after 
encountering the terminal unit/valve 3 in its full open or other position as arbitrarily set. 
This will be useful for design considerations among many other uses. Following this 
initial orientation, a three-part performance curve comprised of TP, SP, and Vp will be 
plotted across the full range of motion. 

01 78 The "percentages of content," a term traditionally used in reference to mixed 
airstreams, will be determined: SP and Vp of TP. Namely, the Velocity Factor or 
Gradient of this content will be the key consideration in high velocity applications or 
systems and what remains is in the form of static pressure. The opposite would apply to 
high pressure-type applications and systems, where the SP gradient is dominant. 

01 79 Useful ratios will be noted, from fully closed to maximum flow capacity, so all 
specific changes, losses, valuable characteristics can be viewed 6 entirely across the 
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plotted foil range of motion, with the ability to "lock in" all desired characteristics and 
constants for viewing consideration for their ultimate effect on the system whole or "big 
picture." This can be a useful function under changing load conditions and the various 
counter-effects that may be imposed to reap added benefits of energy management 
through specific flow control and timely setting. 

01 80 The method and apparatus will establish a comprehensive evaluation of all air- 
fluid terminal control unit 3 characteristics, their value or lack thereof, in foil scope of 
operation within or without the context of the total system 5, terminal system 5, and 
primary mover 1 in whatever form, number, or combination. This, in turn, will establish 
the best suited operating range or point of greatest SP/Vp throughput for the valve or 
terminal control device under a given total pressure drop. 

0181 This technique, made possible by the method and apparatus, may also be 
employed to determine which system 5 or type of system (vessel or conduit of air-fluid 
delivery) is best suited to that valve or terminal control unit 3 for the desired application. 
These functions may be served with or without a "blow-through" or "draw-through" 
system attached. 

TOTAL GAINS/LOSSES - SPECIFIC GAINS/LOSSES 

01 82 Equipment cataloguing, selection, and system design will be made possible by the 
described method and apparatus in its determination of Total Gains versus Total Losses, 
as they pertain to any primary, secondary, or tertiary mover and terminal devices 
arranged in series, parallel, or in any other form, number, or combination that produces 
useful work. 

01 83 The primary mover's 1 total gains will be matched to a total system 5, including 
any and all terminal, in-line devices 3, ductwork/piping/vessel/conduits, fittings, 
attachments, and all objects comprising that system through which the air-fluid must 
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traverse to reach its critical run branch 5 and return, less any established diversity amount 
22. 

01 84 In lieu of any minimum or maximum operating parameters 23 , the terminal 
device's total losses will be suitably matched to its terminal branch sub-system, falling 
under total system considerations. 

01 85 Specific Gains and Specific Losses of all system components will then be 
articulated by the method and apparatus, which will then precisely assess the individual 
needs of total and sub-system requirements. 

THE WOC (WIDE OPEN CURVE) 

01 86 To begin with, a "wide open" test can be conducted under defined lab conditions, 
such as those delineated in FIG. 1 1 . 

0187 At zero to maximum flow, the terminal flow system's curves (constants) 1 1 are 
plotted across some degree or percent of "wide open" setting, based on its size and 
suggested operating range 12, though this fact may not yet be known until tested and 
determined empirically. At some value above "no flow" or full closure, a minimum flow 
rate is established. Note that certain minimums are required for terminal devices 3 at 
different sizes/capacities due to Reynolds number effects as well as terminal heat 
exchangers 8, such as VAV boxes requiring a heat minimum cutout. Once again, SP, Vp, 
and TP are plotted as individual performance curves 1 1 , or flow constants, an option 
shown at the top left of the index column in FIG. 1 1 . 

0188 Wide open curves were originally established with movers 1 tested under ideal lab 
conditions with no system 5 attached to them, i.e, with little or no external influence. For 
example, AMCA has a standard of testing a blower with approximately 10 duct widths of 
enclosure on the discharge side, with the inlet being fully open to atmosphere and no 
other constraints on the primary mover itself. This example or any other variation 
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understood or agreed upon as "wide open" testing may be defined and accepted as a 
given precept. In whatever form it may take or improve on, the forthcoming principles 
remain the same. 

01 89 With regard to the said method and apparatus, the "wide open" starting point is 
applied to a terminal device 3 under logic control 9 of said method and apparatus 25, with 
or without a blow-through/draw-through system attached, thus producing an added claim. 

FIELD CONDITIONS 

0190 Under field conditions testing of an "as-built" system 5, best results will be 
achieved if the described method and apparatus 25 is used from origination. If this is not 
the case, "aftermarket" components may be installed as a retrofitted option. For example, 
necessary key system components may be fitted with some or all of the sensor grids 13, 
14, 15 or equivalent inlet/outlet-only sensing arrangements, along with the user interface 
6, which may be as large as an entire building management system, or as small as a 
localized push-button display panel 6. 

0191 In any case, utilizing the method and apparatus according to specifications will 
produce far superior results than traditional methods of sensor control currently in use, 
particularly with proper calibration using said method. 

0192 Furthermore, a known valve or terminal control unit 3 with a known or unknown 
system 5 attached may be evaluated as well, and vice versa. Once valve characteristics 1 1 
alone are established, the true operating point 10 of an unknown system connected to that 
valve 3 may be established, as pictured in FIG. 7A. 

TERMINAL BRANCH SYSTEM PERFORMANCE CURVES 

0193 With its own TP constant 1 1 and percent or degree opening as a starting point, the 
terminal controller 3 function of the method and apparatus can determine its actual 
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system's curve 5 and operating point 10 and may juxtapose it with the intended one for 
comparison, if one is provided by the design engineer or manufacturer's submittal data. 
This may all be displayed on the user interface 6. Above all, it would eliminate any 
guesswork and provide a proof for any problematic performance based on known facts 
and pre-submitted data asserting those facts. 

01 94 The curve may be viewed independently, as shown in FIG. 1 0, or with total 
system curve 5 and mover curve 1 1 being juxtaposed: FIG. 9, 9 A, 9B, 9C. 

0195 As a recommended option for an existing, "as-built" system 5, the primary mover 
1 can also be equipped with the same conceptual device that will plot and display 6 these 
curves 5, 1 1 prior to and after the balancing procedure is undertaken. 

0196 The principle operation of the method and apparatus applies to the terminal device 
3 as follows: The performance curve will be a compound one, composed of SP, Vp, and, 
finally, TP. When the known terminal control unit 3 is placed within the context of a 
terminal branch system 5, it immediately produces a comparison of these three key 
gradients against its own 'Vide open" characteristics, these being known and established 
previously. This can, in turn, establish the characteristics of the system 5 to which it is 
connected by plotting the coordinates of both the real and intended design operation 
points 10. FIG. 12 

0197 Though most system designers, in conjunction with manufacturers, provide a 
'total system curve" 5 based only on the "total static pressure" of the primary mover 1, 
this believed to be a total evaluation of the system 5 and has been the basis for sizing the 
primary mover 1 , this procedure is here taken much further by having a preset design 
curve for the sub-system (terminal branches) as well. In a similar manner, though more 
advanced, the method and apparatus will establish a design OP (Operating Point) 10 of 
that sub-system 5 in addition to the primary mover 1, and with a full scope of 
characteristics rendered for each. Note: If an OP is not provided, a default set point based 
on the suggested operating range 12 for that Terminal Device 3 remains in effect. FIG. 1 1 
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0198 The Terminal Device 3 may also adapt itself to the type of system 5 to which it is 
connected for peak efficiency, given the existing or "as-built" context of the system. 

EVALUATION OF KNOWN OR UNKNOWN VALVE CHARACTERISTICS 

0199 Using the method and apparatus testing under lab conditions, the manufacturer's 
sizing and performance evaluation of these terminal devices 3 will be based namely on 
the SP/Vp ratio against its range of closure and at whatever throughput one or the other is 
dominant for specified effective ranges. This generic starting point may serve to first pair 
a given type of terminal device with either high or low pressure-based systems. Generally 
speaking, VAV (air) systems are known as velocity-oriented systems and so control of 
the Vp factor becomes a key function. Even so, current systems focus on maintaining 
constant system static pressure at some arbitrarily selected point in a distribution system 
taking many paths when it is clearly known that this is the least accurate technique 
applicable, especially in a VAV system. This is where precise control of both SP/Vp 
factors becomes not only appropriate, but necessary. In hydronics systems, Venturi-type 
valves such as those in calibrated balancing valves are used to minimize total pressure 
loss and have an overall high throughput of velocity and pressure - the lengthier, the 
better. This device is known as a preferred means for determining flow in hydronics 
terminal coil systems, as well as metering total GPM at the discharge or suction of a 
primary mover (pump.) Where water or fluids are concerned, the Venturi itself measures 

a form of velocity head from upstream (High) to downstream (Low) in direction of flow 
and has desirable characteristics in maintaining total head when the calibrated valve is 
throttled for balancing, thus lowering its flow coefficient. The Venturi method is also the 
most accepted means of determining mover (pump) characteristics via flow metering in 
lab use, as pressure drops or Cv's are not known until after such knowns are established, 
first through flow (velocity-oriented) metering, then pressure drop as a secondary 
function. 
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0200 Currently in hydronics use, the Plug Valve has the most desirable characteristics 
in some cases with its even curve across a full range of motion, without any sharp dips or 
deviations at the lower and higher ends of closure. This is desirable to have at the main 
pump discharge or a primary loop (main circuit.) Other valves, however, have specific 
uses for differing purposes. Commonly found on hydronics sub-loop circuits, Ball and 
Butterfly Valves may assist in evening out pressure drops and, thus, directing fluid flow 
to other circuits with steeper "cut-off' and Upstream Leverage, despite lacking "uniform" 
flow characteristics. 

UPSTREAM LEVERAGE 

0201 Upstream leverage is another claimed concept in all distribution systems 5 that 
strongly supports the use of Terminal Devices 3 under the control of said method and 
apparatus and, above all, the level of precision it affords to such distribution and delivery. 
This is perhaps best understood in regard to specific system characteristics and applies to 
any main branch to terminal control relationship being as close-controlled to the main 
duct or primary loop as possible at every critical juncture. 

0202 This method of valve selection, appropriate placement, and articulate utilization 
of such a device, as with said method and apparatus, clearly provides most efficient use 
of total power and strongest leverage in distribution. 

0203 Directing flow to various takeoff branches should occur at connections most 
adjacent to or as far upstream as possible from main runs, where many current systems 
use face area (tampering, such as that employed by so-called "balance-free" difliiser 
terminal outlets that have servo-actuated damper blades on the face of the RGD. Clearly 
one of the worst possible placements of dampers, this causes mainly localized dynamic 
(Vp) loss at the face of the terminal outlet difliiser with high SP loss upstream. 

0204 Furthermore, almost all of the SP portion of the TP supplied to that branch is lost 
almost entirely to that branch's length of run and, secondly, to fittings, respectively. 
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Pressure loss equals inefficiency, as pressure generation makes the highest demand on 
BHP and, hence, total power; which, if not lost, may have otherwise been available to 
reach other runs where and when needed. 

0205 Consequently, the majority of flow and pressure is not transferred to another 
branch via the main duct, but rather is largely lost by remaining stagnant in that sub- 
branch or loop. This is why air-fluid control via valve or damper throttling to a sub- 
branch must be made as far upstream and as close to its main run as possible. 

OPERATING POINTS 

0206 OP's (Operating Points) 10 move up and down, left and right, respectively, with 
effective Static Pressure and Velocity Pressure changes as monitored 6 by described 
method and apparatus, where previously this was based singly on static pressure, or total 
static pressure where movers are concerned. 

0207 The described method and apparatus will, however, take into account all effective 
changes, including static, dynamic, and total as well. It will then make determinations 
based on how they interact with one another in relation to the Primary Mover 1, Terminal 
Devices 3, and the System whole 5. 

0208 As shown in FIG. 12, the operating point 10 rides with either the mover's curve 
1 1 or, conversely, the system curve 5, depending on which component comes into play, 
or is specifically altered while the other remains constant. 

0209 Where a Terminal Device 3 is concerned, its input flow constant simply takes the 
place of where a mover curve (@ speed of rotation) would be 1 1. Terminal Device 3 or 
valve changes of motion ride the valve flow constant 11, until this is altered, and all 
changes can be viewed within the terminal branch. One or the other variable is altered, 
thereby causing it to "ride" on the others constant curve. Refer to FIG. 11, FIG. 12. 
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02 1 0 In general terms, the system curve 5, whether it represents the system as a whole 
or its independently controlled branches, is always unique due to what is known as its 
"as-built" characteristics. Despite a design engineer's best intentions, the actual system 
will always have unique attributes that cause it to deviate in one direction or another from 
its intended point of operation 10, which is initially established, along with mover curves 

1 1, on submittal data at the outset of a building project. With this being the case, the 
system's operating coordinate 10 will ride the steady mover curve 1 1 . 

THE SUB-SYSTEM CURVE 

021 1 A sub-system curve 5 for this particular terminal branch system is established, as 
opposed to a total system driven by a primary mover 1 . This TB curve 5 transposes and 
influences the Terminal Device constant 11, now with a defined "load" attached in 
addition to the effect imposed by its degree of closure. Where these intersect is the 
terminal branch or sub-system's OP (Operating Point) 10. FIG. 9C. 

0212 A default setting 12 for this curve 1 1 will be provided based on the 
manufacturer's recommendation for this size and range of box, these being previously 
known and established facts through lab method testing as outlined in this description or 
otherwise accepted standards. Among other deciding factors, the criteria may involve 
inlet size, terminal outlet (diflRiser) sizes, noise, throw, and other related criteria for the 
given system or application. 

02 1 3 The design engineer may determine his own curve based on whatever unique 
characteristics his system and/or sub-system may have, or that he believes they may have. 
By its very nature and gradient inclination, the said method and apparatus will correct 
itself despite any oversights, miscalculations, installation problems, etc., in so far as this 
is possible with the given constraints of the primary mover 1 , available stock unit, motor, 
and drive sizes 7, and, above all, the "as-built" ductwork/piping/vessel 5. Wherever these 
problems may stem from, the gradient factors always break down to Static, Dynamic, and 
Total losses, leakage aside, though a predetermined allowance should rule out the leakage 
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factor at the outset of system construction. This is further addressed under leakage tester 
embodiment. Ultimately, a logic-oriented re-plotting of the curves along with 
juxtaposition leads to the source of the problem, clearly bringing it to light. 



A REVIEW OF THE TOTAL SYSTEM CURVE 



0214 At the outset, the design engineer establishes the system curve of the entire 
system 5, this being under full load and full flow conditions, less diversity 22. All 
systems, including CV (Constant Volume) systems, are begun this way. This initial 
process is based on the WOAF (Wide Open Air Flow) of the fan, the primary mover 1 of 
the entire system 5 as a whole. Subsequently, it is based on the system curve 5 for the 
entire system under maximum demand conditions with the critical length of run or 
equivalent critical run being a prevalent concern, so that fan power/pumping power may 
reach all parts of the system as a whole. This is typically a primary concern in hydronics 
with less emphasis placed on dynamic losses, as pressure losses (length of run or piping 
friction.) Suction lift in open systems is also of paramount concern, though certainly not 
the only concern. Along with reaching critical runs in hydronics systems, maintaining 
relatively equal pressure drops with minimal loss of total dynamic head, particularly 
around the equipment room cluster, is desirable to eliminate any additional head that 
valves 3 and other terminal devices 3 have to deal with beyond this primary loop. With 
air, gas, and lighter fluid systems of varying densities and specific gravities, all the more 
reason exists to establish specific gradients, namely SP and Vp of TP. 



INTERACTIVE CONCERN 



021 5 Although being pressure independent variable systems under self-calibrating logic 
control, the sub-systems still need be concerned with the primary system, mainly to 
determine if there will be enough of a minimum operating pressure available at the 
terminal's inlet. This will be a simple binary decision: yes or no. 
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02 1 6 The minimum operating pressure will be a measure of TP. The breakdown of its 
gradients (SP and Vp) and the measure of specific content will largely be determined by 
the selected valve 3 or Terminal Device 3 and its pre-established characteristics 1 1 as 
chosen for the application at hand. 

02 1 7 A common problem in current systems are certain limiting factors which may 
interfere with normal function of the system, such as a blanket system pressure-limiting 
constant being maintained and not exceeded, this to protect the ductwork from bursting at 
the seams or fittings - or in the case of hydronics, a pump casing pressure maximum. The 
method and apparatus solves this problem with discriminating sensor interpretation 2, 4 
and highly advanced logic control 9, which allows the system to explore venues current 
systems preclude themselves from by their own limiting "blanket" assessments of system 
control. 

021 8 The terminal unit's critical run branch will be automatically identified and 
assigned on system startup, whereby all terminal control devices 3 communicate sensor 
feedback 4 and draw value comparisons. Note that the critical run may change throughout 
the normal operation of a VAV system 24. 

0219 System status, however, may change and be reset if more total system power 
becomes available after initial startup. This may be due to obstructions later found in the 
system, clouding its true flow characteristics or, more commonly, if smoke dampers at 
firewall partitions are found to be closed, completely altering the system curve 5 profile. 
Also note that the furthest branch is not necessarily the most critical, as the "equivalent" 
furthest branch is often a tightly wound branch somewhere at midpoint in a system 
branching out in all directions. Equivalent means the calculated total losses of the air- 
fluid path to and from the primary mover (dynamic and friction) are higher, not always 
due to length of run or distance away from the mover. Once again, this former assessment 
of critical run is based solely on static pressure. 
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0220 Here is another pivotal adjustment pointing out differences in existing systems, 
though no known previous automated system ever established any critical run, rather 
leaving this process to the balancer for creative interpretation. And those in practice that 
may establish this critical run do so with only static pressure readings, not total (impact) 
readings, again ignoring the velocity gradient. SP increases alone may and will result 
from undue system restriction and not from mover power as applied effectively. 

0221 Under control of the method and apparatus, the Terminal Devices 3 discussed 
here will use their own internal impact sensors 13 to make the critical run determination, 
not their static sensors 14 with which they are also equipped and make use of 
appropriately. 

PRIMARY MOVER - TERMINAL CONTROL RELATIONSHIP 

0222 Alternatively, there may be fewer losses than anticipated, as is common with 
hydronics systems, after a multitude of safety factors and other considerable allowances 
are made. This being the case, the method and apparatus can adapt to this and make the 
delivery of flow more useful at some other location and, ultimately, "ramp down" 7 the 
primary mover 1, causing it to utilize less total power. This may be accomplished by way 
of mover speed control 7, such as that achieved with a VFD (Variable Frequency Driver,) 
which most current VAV systems are equipped with as an alternative successor to Vortex 
Vanes. Now virtually outmoded, these were affixed to blower inlets and contributed to 
the adverse condition known as system effect losses, irretrievable dynamic losses 
occurring particularly at a blower's inlet. They were also obviously without the added 
benefit of motor speed reduction at the expense of undue system pressure increase and 
total pressure/power loss. 

0223 Now in wide use, VFD's operate from 0 to 60 HZ and up to now have used this 
variable only to maintain constant pressure as sensed by a single static sensor placed 
approximately 2/3 into the system. In contrast, the said method and apparatus described 
may utilize this speed control variable 7 correctly, whether it be via VFD or any motor 
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with speed control not dependent on the concept of VFD or any other brand concept, to 
extract added benefits from the mover 1. Note that the aforementioned sensor- VFD 
system is the least effective means of total system control, as it is governed by a general 
rule of thumb, subject to misleading results and fluctuating circumstances abundantly 
clear to the professional experienced in VAV systems. 

STATIC PRESSURE CONTROL 

0224 This leads to the problem of static-pressure sensing control in general. It will 
always be misleading due to system constraints, such as blockage or restriction inside of 
ductwork which will inaccurately reflect how much of the static reading itself may be 
attributed to fan power as applied effectively or fan power being held back by undue 
restriction and, thus, converting to static in whole or part, again at the expense of dynamic 
losses. To emphasize this point, if a single duct outlet were to be capped entirely, the total 
fan power would convert to 100% static pressure, this never being more than or 
exceeding the fan's known total static pressure itself at any given point in a system. 

0225 In actual practice, SP sensing alone does not equate, per se, to a corresponding 
flow rate for a known device within an unknown system 5, these tested with same current 
methods. And technically, any "as-built" system may be called unknown. SP sensing may 
suffice, however, for operations whose function is to maintain pressure constancy, such 
as bypass/relief functions, where flow is of no consequence. The static pressure profile is 
suited to this as well, where a packaged unit and practical field considerations are 
concerned. 

0226 If more than one mover 1 is involved, then two or more in series 16 will combine 
total pressures, approximately - not exactly - in equal measure, and, conversely, parallel 
arrangements 17 will approximately remain constant on pressure and double on flow, 
assuming each are of similar size and capacity. Note the augmentative effects these 
arrangements have on movers in FIG. 14C and 14D. 
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0227 Mover aside, this same principle holds true for Terminal Devices 3 (in series 18 
or parallel 19,) most often used for reheat cycles in fan-powered VAV terminals by 
introducing induced plenum air at one or more stages of heat and/or fan speed that occur 
intermittently. In HVAC applications, these are used primarily for perimeter areas of a 
building. Note the augmentative effects these arrangements have on Terminal Devices in 
FIG. 15C andl5D. 

0228 Additionally, induction terminals, with or without secondary fan power, stand to 
benefit from higher velocities by inducing secondary air more effectively and avoiding 
additional fan power requirements, if not entirely. 

0229 The specific contents of the total power applied potentially throughout the system 
5, will largely be determined by the primary mover 1 characteristics 1 1 . Again, high- 
pressure type movers have the characteristics of higher static output with a smaller 
velocity gradient. The lower-pressure type, an extreme example being a propeller fan 
(axial type,) produces higher flow- volume at the expense of static pressure. Taking into 
account varying characteristics among them, centrifugal fans typically produce the higher 
pressures, particularly BI (Backward Inclined,) while axial fans produce high flow, high 
volume and are best suited to those applications, such as smoke evac systems for wide 
open areas. 

0230 Each basic unit is specifically chosen for the task it is designed and built for, with 
many variations in between affording it the benefits of either. Thus, beginning with the 
primary mover 1, the described control method and apparatus carries this underlying 
theme and the pressure gradient concept with it through to each and every terminal 
branch of the system 5 and this pervading point will be emphasized throughout. 

023 1 However, this concept may be taken further when the context of the system is 
viewed as a whole environment. For example, if total system power is not available or 
has "ramped" down 7 to maintain a constant system static pressure and, consequently, 
some of the VAV terminals may be starved for air. This may be due to a diversity factor 
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22 and, thus, total air per terminals/outlets exceeding the fan's total capacity, as is 
typically the case. 

0232 If a particular zone requires more air due to load changes or unusual shifts that 
don't follow the predicted movement of the sun from East to West, the terminals may 
strike a compromise among other zones that may not require as much air flow. This may 
be achieved by having those terminals (usually adjacent ones) close slightly on cue, until 
adequate inlet flows/pressures are obtained at the terminal in question. This "squeeze" 
can help boost nearby zones just enough to cover lean periods and return to normal 
default operation. 

0233 The system may also perform a timed tradeoff, so to speak, by alternating 
availability of operating pressure to needy terminals, while still maintaining zone 
temperature set points, which will tend to linger with adequate insulation and generous 
load calculations whether or not the desired air changes are occurring in the 
building/zone. 

0234 Falling short on total system pressure (typically a static measurement) is the most 
common problem with current VAV systems 24, particularly those with a diversity factor 
22, the end result of this often being that the VFD remains at or close to its full speed 
(60HZ) operation most of the time, defeating its own purpose to begin with: to maintain 
constant though often inadequate system pressure and, presumably, flow rate to all 
branches 5 at a lower total demand on the primary mover 1 . Here may lay a strong 
defending argument for old vortex vanes, which at least maintain a degree of system 
pressure, albeit at the expense of dynamic losses. 

0235 Another interactive example could involve ramping 7 the primary mover 1 down 
mdiscriminately to conserve energy if all zones achieve their temperature set points, still 
taking minimum air changes (air changes per hour) and minimum fresh air requirements 
into account, these being predicated by ASHRAE standards and other municipal building 
code requirements. 
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0236 This process may allow the fan 1 to slow down below its system static set point, 
so this factor alone is not the only deciding one. Maintaining suction pressure and flow 
rate, however, are often one of the most difficult challenges when ramping down or 
lowering fen speed 7 in any way, and the suction side or mixing box intake is one of the 
first casualties of lower fan speeds in the framework of an "as-built" system. One of the 
biggest challenges is the problem of the OA damper and mixing box controls maintaining 
adequate OA flow in a VAV system 24 in constant modulation, with a pressure limiting 
constant, and mover rotation variable 7. Designing these systems is not impossible, but 
the margin for error greatly diminishes and, therefore, precise flow-pressure control 
becomes imperative. 

0237 Mover systems equipped with the 2/3 rule static sensor are meant to maintain a 
constant system static pressure (usually 1.5") to protect the ductwork for its class and 
rating when VAV terminals throttle back and, hence, increase system static pressure, 
placing the ductwork under increasing duress. However, most systems' effective 
operation is at the mercy of where these sensors are placed, or able to be placed due to 
access and logistical issues. And the question remains whether these locations are truly 
representative of the system as a whole. Being single point static sensors in multi- 
directional ductwork with variable airstreams undergoing constant conversion, it can 
reasonably be deduced that they are, in fact, not providing uniform or reliable feedback of 
what the system in whole or part is experiencing, and are largely governed by a rule of 
thumb. 

0238 Depending on the complexity of the system 5, (number of take-off branches, 
fittings, etc.,) the static feedback alone will vary considerably from one definitive portion 
of the system to the next, especially under VAV control with widespread fluctuation at all 
times. 
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0239 This being noted, the function of the air-fluid distribution system 5 as a whole is 
best served by having comprehensive, definitive, and intelligent sources of feedback from 
the terminal branches 3, 4, as supplied by the described method and apparatus. 

SYSTEM FLOW DIAGRAM 

0240 Beginning with the Primary Mover 1 and the Total System characteristics 5, the 
logical decision-making process will follow a "hierarchy" of the system on start up. This 
will lead through to each Terminal Device 3 and terminal branch, wherever a flow 
monitor station 4, meter, or any sub-circuit control system is located. 

0241 The sequence of operation will adhere to, but will not be restricted by the 
procedure of the method and apparatus as outlined in this description, though any 
omissions due to unknown or previously non-established effects will be duly accounted 
for by way of upgradeable, tabulated databases 9. These will include any and all pertinent 
data, such as late mover equipment (blowers, pumps, motors, drives, etc.) and late system 
construction components (ductwork, piping, vessels, conduits, Terminal Devices, etc.) 
The expandable databases 9 will also include any and all scientific/engineering data 
pertaining to thermal and fluid mechanics, such as psychrometric data tabulated in tenths 
of degrees or lower, and duct/piping friction loss/head loss tables, fitting loss coefficients, 
Reynolds numbers, and any K/Ak-factors predetermined or as establish with said method 
and apparatus. 

0242 The system flow charts may be viewed in FIG. 21, 22, 22 A, 22B, 22C, and 22D. 
After initial menu selection for type/classification of system (FIG. 21,) the process begins 
with System Start and key determination of system status, as shown in FIG. 22 (air) and 
FIG. 22A (hydronics.) First of all, the system will establish mode of operation, Total 
system OP 10, target speed of mover rotation 11, and all procedures as outlined in this 
description, beginning with "Initial Operating Point for System Total." 10 The schematic 
layout essentially reflects the structure of the user interface panel 6, where a number of 
key options will be available for selection. 
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0243 The System Modes will establish what initial setup the primary mover 1 and main 
damper control 3 will have to activate for the desired mode of operation. Of these will be 
included: Normal Mode Op, Smoke Mode Op, Balance mode Op, and Test Mode Op. 

0244 With regard to the Terminal Device flow chart (FIG. 22B,) these options will 
extend to operating mode parameters, namely the following: MTN (Minimum,) MAX 
(Maximum,) FULL OPEN, FULL CLOSED, AUTO - HEAT, and AUTO - COOL. The 
MIN/MAX parameters are intended mainly for Balance Mode Op, wherein these 
parameters may be calibrated in an unknown or "as-built" system for testing and 
balancing purposes. The FULL OPEN/CLOSED parameters will be intended mainly for 
Smoke Mode Op, such as for purge systems or auto "shut down" systems. They may also 
be used for any form of "wide open" system testing, with or without a diversity, which 
may be done in Test Mode Op. 

0245 Note, however, that MAX conditions are not FULL OPEN conditions, as the 
system characteristics 5 will not be the same when marked against the mover 
characteristics 1 1, thus misrepresenting the true system operating point 10 as intended. 
The terminals 3 equaling the diversity amount 22 will also be either FULL CLOSED or 
in MTN position to accurately reflect this condition. 

0246 Other initial options include DISPLAY SYS DIVERSITY and MAP SYS 
DIVERSITY, a selection which allows the "as-built" system to be analyzed in whole and 
part under set conditions to map the most appropriate terminal runs for inclusion in the 
margin for diversity 22, namely those that are the least critical This will be determined 
by sensor logic 4 at each terminal device 3 and value comparisons drawn after 
establishing the most critical run. Terminal Branch system operating points 10 will also 
evaluate these runs on a per branch basis, in whatever scope or portion of the total system 
is desired, as the gradient breakdown of these sub-systems may be either complementary 
or rudimentary to the primary mover. Runs may also be assessed in any mover-system or 
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terminal device range, speed, position, and infinite or finite combinations of mover- 
system-device changes. 

0247 The diversity 22 then becomes another useful proponent in the system 5, and may 
or may not be changed arbitrarily. It may be discovered, for example, that wider 
diversities are available with seasonal changes or with load occupancy changes. 
Otherwise, a fixed diversity amount is pre-established for specified conditions. 

0248 ZONE SENSOR FEEDBACK may also be prioritized, localized, averaged, or 
omitted for any particular zone or terminal device. This way "crossover zones" and other 
undue external influences won't cause the system to misinterpret load changes or 
demands for that zone served by the terminal branch. Also, the sensing logic may be 
oriented around areas that reflect the largest, smallest, or mean demand, as selected. 
Results will differ with each project, but the method and apparatus provides the tools to 
best tailor these variables on a per project basis for the desired results, thermally, 
statically, and dynamically. 

0249 FIG. 21 shows how the main menu display 6 might appear to allow selection from 
a variety of distribution systems 5. It also allows the key option of enabling DEFAULT 
OPERATION. This option will produce the best results when the described method and 
apparatus is used from origination, but may also function in an "as-built" system that has 
undergone initial testing utilizing said method and apparatus. Essentially, it will place all 
components of the primary moving unit and system at settings that will be indexed 
according to its own pre-established criteria or suggested operating ranges 12 for movers 
1 and Terminal Devices 3. 

0250 This initial mode of operation will also enable the system to "learn" about how 
the many variables in the distribution system come together to provide the best results, 
desired results, or most effective operation through computer-assisted calculation of run 
possibilities and diversity mapping. In this sense, it may function as an AI (Artificial 
Intelligence) system. Limitations will be imposed only by the size and scope of its 
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database, and this will grow in short time with empirical testing utilizing the principles 
and procedures outlined in this description. Ultimately, its faculties allow it to interpolate 
rather than extrapolate data, which is a key fault in current theoretical projection of 
'Svould be" system operation. As mentioned previously, this problem stems from 
contingency rather than necessity. 

025 1 Given the size and scope of currently available data in aging, though neglected 
reference texts, an enormous lexicon can already be built on existing data alone which 
has until now remained untapped. Adding to this problem, many fundamentals have been 
grossly overlooked in current systems and crucial lessons in the advancement of these 
technologies have been skipped. Simply identifying these may solve long-standing 
problems in the state of the art. Such a lexicon can be advanced and cultivated by the 
described method and apparatus, allowing it to achieve omni-presence in environmental 
systems through sensory interpretation where this was not previously possible. 

0252 FIG. 22 illustrates the air system flow chart. FIG. 22A notes the key differences 
for a hydronics system 5. FIG. 22B represents the layout for a terminal device 3, after 
initial system setup has occurred and proceeded to this point through user acceptance or 
default setting. Finally, FIG. 22C and 22D present a Possibilities Display Menu for air 
and hydronics systems, respectively. This is intended for troubleshooting hardware 
equipment failures that would prevent the system from proceeding through each sequence 
or step of its operation. The notable feature employed in doing this involves using 
described methodology and sensor logic for determination of where the problem 
originates from, namely whether it is internal or external to the primary mover 1 and/or 
terminal device 3. It will also determine the nature of the problem by the gradient 
inclination (TP, SP, Vp) outlined in this same description. The Possibilities Display 6 is 
also supplemented by an expandable database 9. 
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VECTORIAL ANALYSIS 



0253 FIG.19 and FIG. 19A show a vectorial depiction of all mover 1 1 and system 5 
changes which may be viewed superimposed on the actual main curve displays 6, or 
viewed separately as changes occur in real or sampled time periods. This provides a "bare 
bones" rendition of any desirable or undesirable changes, which may be occurring within 
each component of the system. The vectors may also portray mover and system changes 
imposed arbitrarily when viewed as a whole or independently. In whole or part, each 
component may be compared and contrasted. 

0254 One example would show how changes to a sub-system affect a primary mover's 
BHP and SP, or vice versa. The encircled cross hairs represent the total or sub-system OP 
(operating point) 10 and this may be user-manipulated for design or testing purposes, so 
the total and terminal effects of an entire air-fluid distribution system may be viewed 
prior to any system being built. 

0255 Using known equipment data as referenced from its own database or other 
accepted sources, the method and apparatus can function as a virtual system for HVAC or 
air-fluid distribution system performance. 

0256 All equipment performance and selection data may be provided, from primary 
mover 1 and terminal device 3 sizing down to final drive 7 adjustment to the motor, 
though this data may be too precise for actual stock sizing available. Whatever resources 
are used, an added claim stands to improve the precision of equipment sizing if said 
method and apparatus is used from origination. 

0257 An upgradeable, catalogued database will be referred to in the course of system 
design and selection, though ultimately, this will be a user decision. Actual system and 
sub-system data will draw from database storage of ductwork/piping/vessel fitting loss 
coefficients and friction/head loss data, as this may need to be stored and retrieved from a 
timely source. Equipment sizing and capacity may be entered manually, however, from 
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tabulated data or other reference materials as an added option. User or default options 
will allow flexibility in this area. Ultimately, if computer assisted design is integrated 
from the design stage, system data may be carried over from this stage, whether fully 
automated or prepared by tabulated references and calculation. 

0258 Fluid changes may also be viewed in tandem with load (heat flow) changes, so 
one may visually depict how the other is compromised or augmented by the changes. 
This display may be shown in any form, number or combination of components, 
depending on the size and scope of the entire distribution system. 

FINAL RECOMMENDATIONS FOR EQUIPMENT SIZING, CAPACITY, AND 
PERFORMANCE 

0259 After the described method and apparatus performs the task of evaluating the 
entire system and all of its components, it will collect, calculate, tabulate, and display the 
results of its findings from a key menu list beginning at the top of the hierarchy for that 
system, from the primary mover on down. There may be one main menu listing all 
directories and/or sub-menus if, for example, there is an air system and a hydronics 
system with chillers and a cooling tower. These key categories can be separated 
according to their classifications and mover characteristics, this being a pump in the case 
of a hydronics or fluid delivery system. 

0260 The final collation command may be requested when the building management 
systems operator or, more appropriately, the testing and balancing agency, has decided 
that the preliminary testing, with existing conditions being constant, has been performed 
to requirements and meets acceptable standards. The findings may be accompanied by 
specific recommendations and sizing or re-sizing of equipment capacities for first cost or 
long-term benefit, or this may be left open to interpretation by simply presenting 
objective final results in the form of plotted curves 11,5, operating points 10, and 
statistical figures evaluating all relevant components of the system, including individual 
and total final power input/output. The presentation of this information shall be orderly 
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and reflect key aspects of the distribution system in a clear and concise manner, 
emphasizing a standard for prioritization. 

0261 The final deduction of all system characteristics will be reduced to total power (or 
wattage) consumed by the system in whole, along with the power produced by the 
primary mover. Totally and terminally, this may all be broken down into BHP, kilowatt 
input/output, and BTUH or MBH heat flow. Following this, a breakdown of the system's 
individual components will be analyzed, including specific heat transfer in BTUH and 
effectiveness of heat exchangers. Parallels may be drawn between air or fluid flow and 
electrical flow, with each system component having its own characteristic effect on 
localized and general power draw. 

0262 Typically, amperage use will increase in high velocity applications and, 
conversely, voltage will increase in high-pressure applications. This way, the actual 
contents of Total Power may be assessed and tailored to specific systems. A more 
detailed analysis may identify how various conversions of TP throughout the system play 
on the total system power draw under varying loads, demands, and differing conditions as 
arbitrarily set. 

0263 If shop drawings are available or integration with a computer assisted design 
system becomes possible, the sizing, shape, and fitting of all main and terminal branch 
runs 5 will be suited to or contrasted against known or projected operating points 10, 
based on intended design or "as-built" configuration. 

MOTOR AND DRIVE REPLACEMENT RECOMMENDATIONS 

0264 Using the following equations, the method and apparatus may recommend pulley 
and drive sizes as well as motor sizes 7 by direct BHP calculation, if required. Also, "tag" 
HP may be obtained from stock sizing, as would be readily available from its database. 
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FRPM/MRPM = MPULLEY SHEAVE DIA./FPULLEY SHEAVE DIA. 

FRPM - Fan RPM (also, driven RPM) 
MRPM - Motor RPM (also, driver RPM) 
D - Driven Pulley 
d - Driver Pulley 

C - Center Distance - Bore to Bore 
L - Length of drive belt 

0265 The FRPM, or driven speed of mover rotation 1 1 required, is determined first 
from actual total capacity CFM of the primary mover 1 and corresponding FRPM at this 
flow rate as tested within a real "as-built" system under constant, pre-established 
conditions. All data is obtained from the sensing apparatus as previously described. 

0266 If the flow rate does not meet the specified amount totally 2 or terminally 4, a 
complete review of system characteristics 5 may be required, and said method and 
apparatus 25 provides all the means for doing so. This would bring under scrutiny any 
ductwork, fittings, terminal devices, or other components of the system that may 
contribute to this adverse effect, as previously described. 

0267 If the system is otherwise accepted, the relationship as follows is direct to flow 
and, thereby, a new FRPM and corresponding driver pulley size is calculated for the new 
required flow rate. Alternatively, a fen pulley size may also be provided, though this 
method of adjustment is generally not recommended if the fan falls below a 1 :1 ratio with 
the motor pulley, along with other motor-mover considerations involving stability of 
operation and maintaining an adequate center distance. For prevention of early wear and 
failure, the angle of drive belt to pullies is usually kept under forty degrees. Erroneous 
drive choices, however, will be limited by stock sizing guidance in that incorrect drive 
arrangements will normally not be compatible with motor frame, bore, and other standard 
sizing, unless there are more serious design flaws. 
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Belt size: L * 2C + 1.57 (D + d) + (D-d) SQ. / 4C 

0268 FRPM ratios are cubed to brake horsepower, so the projected FRPM determined 
at the final required flow rate of the given system 5 will also provide the suggested brake 
horsepower required at this operating point 10. We must assume, however, that the 
original design figure and catalogued equipment characteristics have been correctly 
applied for this logic to work. It must be remembered, however, that an element of 
contingency still remains here. An estimated FRPM and resulting flow rate 2 may be 
figured by pulley and motor tag data, along with any mover performance curves 1 1 
provided by the manufacturer, though this use would be suggested only as an additional 
point of verification. 

0269 Note that fen speed 1 1 and BHP calculations from actual power draw are 
considered the most reliable field measurements in an "as-built" system 5 and static 
pressures are the least. This again supports the need for dynamic and total sensing 
considerations, because where unknowns exist, they may always be determined with the 
described method and apparatus through interpolation of available, correctly obtained 
data. Between Total Power and Total Pressure breakdown, there will be no unknown that 
cannot be deduced (as opposed to induced) by this method and apparatus under actual 
operation of a real system. And prior to this, the projection of design operation will be 
most accurate if the method and apparatus is used from origination, this simply making 
any extrapolation of performance characteristics more viable from the outset. 

0270 Ultimately, the test required to establish the "Initial Operating Point for System 
Total..." 10 will re-afl5rm true performance characteristics once repeated by the method 
and apparatus with the new motor and drive configuration. This initial process will 
establish the real OP 10. 

0271 Normally, if the deviation is not great, the same motor and drives 7 may be used, 
if there is a VP (Variable Pitch) adjustment 7 with room left on the driver pulley for an 
FRPM increase or decrease. An increase will also increase amperage draw on the motor, 
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which should not approach or exceed the service factor on its tag, and this will be the 
usual common sense indicator to those practicing the art that a motor and pulley change 
may be required if flow rates and pressures are still not achieved. In some cases, only a 
pulley adjustment may be needed, just until the motor is drawing full load amps. Beyond 
this, a motor change at the corresponding BHP or stock size equivalent may be 
necessitated. If stock and frame sizes are greatly exceeded or receded, this is usually an 
indicator that the mover is improperly sized or that the system connected thereto is ill 
suited to its primary mover. 

HARDWARE REQUIREMENTS 

0272 Hardware components governing the method and apparatus will be comprised of 
a central processing system (micro controller) 9 in one or more locations, and sensing 
elements 13, 14, 15 in arrangements described and depicted 2, 4. Local control through 
open architecture, or Ethernet reflect some of the prevailing trends in building control 
systems and the described method and apparatus may or may not be accommodated to fit 
with these current trends for compatibility. 

0273 Logical processes and programming shall conform to but not be limited in scope 
of operation by flow charts as shown in drawings. The main control system 9 may be 
implemented through any programmable micro controller 9 or EEPROM with typical 
inputs/outputs and universal logic control. Displays 6 may be either full monitor stations 
or smaller push-button panels for complete or retrofitted systems. The user interface 6 
will have portability for connection to local LAN's (Local Area Networks,) or more 
centralized networks. Whatever the hardware or software, or operating system technology 
employed, the system remains as a separate and distinguished entity not bound to 
conform to any existing or novel hardware/software system limitations or restrictions. 

0274 When terminal flow device 3 characteristic curves 5 and system curves 5 are 
being established across a full range of damper/valve motion, the micro controller type 
and quality will determine how resolutely and, hence, precisely the range can be 
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monitored. The micro controller will interpret and process the transducer signal to a 
degree of precision afforded by its own internal scale. This range will also define the 
incremental spacing within the parameters of the damper/valve's full range of motion 
from 0 to X flow at given pressure gradients. 

0275 As stated in the background, the analytical plotting of curves 5, 1 1 will supercede 
current systems' linear tendencies by establishing the described thermal and fluid 
mechanic relationships prior to effecting motor control 7, 3. This avoids direct 
modulation along the processor-motor controller's linear scale of motion, as current 
direct-acting control systems are prone to slavishly follow. Precision will also be afforded 
by the quality of the sensor transducers, which convert the pneumatic or fluid signals into 
electrical ones. Notwithstanding hardware limitations, the operating principles of the 
method and apparatus will be retained and results will only improve with hardware 
development. 

0276 A stepper motor or similar motion control device shall be the recommended 
means of damper/valve control 3 employed to establish a clear, graduated range of 
motion in harmony with the micro controller's 9 capabilities, and each increment will be 
broken down into radians of motion to precisely coincide with percent or degree of 
damper/valve closure. 

0277 Sensing instrumentation, in its most basic form a U-tube manometer or micro- 
manometer, will "sample" flow rates and pressure gradients, thus a timed, metered signal 
may be generated in every one second or higher intervals, also dependent on the nature of 
the micro controller. The readings are then averaged within a given time frame. This 
sampling duration variable may be set arbitrarily, though a five second sampling of a 
sensor transducer signal is commonly adapted when taking an "instant" reading. Other 
more precise applications, however, may require sampling occurring within a fraction of 

a second, such as that described in "Determining the Volume of a Given Vessel or 
Enclosure" embodiment description. A sampling's total duration may be entered 
arbitrarily in the TEST MODE of the method and apparatus for a short or long-term 
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analysis, as desired or specified. Alternatively, flow rates, pressure gradients, thermal 
relationships, temperatures, and overall mover and system characteristics may simply be 
monitored in real time with all related factors coming into play. 

OVERVIEW 

0278 The total flow-pressure power passing through the measuring device (TP) is made 
up of SP + Vp. It is known that these two are mutually convertible at various points in an 
air-fluid distribution system and that TP decreases in the direction of flow. Static pressure 
tends to regain some 2/3 of the way into a duct system after exiting the mover's 
discharge; at this starting point much of the mover's total power being in the form of pure 
velocity, until it "solidifies" into pressure downstream. The method and apparatus 
isolates these key analytical elements and determines their specific usefiilness within an 
air-fluid distribution system. 

0279 The method and apparatus will determine how much of that total power is in the 
form of dynamic flow and how much is in the form of stagnant air, gas, fluid, etc. When 
TP = SP, there is no dynamic flow, hence zero velocity. The total applied power is in the 
form of 100% static pressure so long as mover power is applied. For a flow control 
device and primary moving system as a whole to assess useful flow characteristics, the 
TP must contain the right measure of both ingredients for the intended purpose. Both 
velocity and static pressure gradients are needed to provide total "strength" in distributing 
air-fluid to various parts of the system with a changing ductwork/piping landscape. 

0280 A preponderance of one or the other elements typically creates an imbalance, 
though it may also provide a useful purpose if manipulated. For example, velocity-based 
flow's notable characteristics are speed, volumetric flow, inductiveness, and penetrating 
ability. Namely, this type of air movement establishes the flow rate or flow-volume 
(CFM) passing a given cross section of the duct. High velocity jets are known to foster 
the induction process, for example in induction terminal boxes with a primary nozzle 
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supplying high velocity air, which induces a secondary air stream of a relatively higher 
pressure. 

0281 Static pressure provides the lateral force needed to overcome friction losses (or 
length of run, which may include roughness factors) and may exist dormant within the 
system as pent up potential energy that may once again be expelled in the form of 
velocity during the conversion process. This occurs at various points in the system, as 
dictated by expansion, reduction, and direction in ductwork/piping fittings. These 
components can be compared to amperage (rate of speed, kinetic movement, cycle) and 
voltage (applied pressure or force, potential energy) in electrical engineering or general 
scientific terms. 

0282 There are three key forms of losses associated with ductwork air distribution and 
fluid distribution in general: 1) Dynamic losses, associated with fitting loss coefficients 
and measured against velocity. 2) Friction losses, associated with length of run and 
roughness factors on the surface of ductwork/piping/vessels, all measured against static 
pressure. 3) Leakage losses. Simply put, holes in the duct/piping/vessel bleeding air-fluid 
at a defined, constant rate per surface area. This may be in the form of exfiltration (going 
out) or infiltration (coming in.) 

0283 In current practice, specific losses, namely dynamic, are ultimately converted to 
"inches of static pressure," the common accepted language for sizing of mover 
characteristics. The length of run is already based on an assigned static/head loss per 
100ft of ductwork/piping as determined against round duct conversions or piping charts. 
Finally, a tally of all losses is made and figured in "WC units of total static pressure, or 
Total Feet of Head in the case of hydronics. This figure is then plotted as the Total Static 
or Total Head system curve. Ultimately, the primary mover's total power must meet or 
exceed this sum amount within acceptable tolerances. However, the dynamic aspect of 
this equation is not apparent to a flow sensor that measures only static pressure within a 
system, or only velocity pressure within a system. Even total pressure as a solitary 
gradient within a system is not adequate. Current sensing equipment cannot differentiate 
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between the three after the fact, after the design total is figured from semantics based 
solely on a general rule of thumb or other pre-conceived ideas. 

0284 Beginning with the primary mover 1 , the said method and apparatus's unique 
sensing functions 9 extend to the system 5 as a whole and make it a complete, stand- 
alone system with no previous platform derived from current systems. The method and 
apparatus of total and terminal control is able to measure every aspect of air-fluid and 
thermal flow broken down into its prime components and make valuable, calculated 
assessments as to its usefulness or inadequacy for the specified purpose. It also plots 
exacting curves of all pertinent performance characteristics, including that of the primary 
mover 1, terminal flow control 3 and heat exchange devices 8, and their correlation to 
main and sub-branches 5. 



PERCENTAGE OF CONTENT (SP AND Vp OF TP) 



0285 Just as mixed air streams have been tested to establish percentages of OA/RA 
content of Total Air, similarly, the specific content of SP and Vp of TP (Total Pressure) 
can also be established. The percentage of content will also be indexed on a user interface 
6, along with juxtaposed performance curves 5, 1 1. 

0286 Ideally, a shop drawing may be required of all "as-built" ductwork to obtain exact 
fitting, area, and length of run dimensions to determine exactly how these pertain to the 
monitored flow-pressure characteristics 2, 4. The described database may also contain all 
this standardized information for immediate reference and curve plotting, particularly if 
created and stored on the same system or retrieved from a computer file. 

0287 Varying flow characteristics are necessitated in a broad range of technological 
applications, from providing a defined sweep pattern of airflow across a clean room to 
applying exact amounts of room pressurization differential in a hospital operating room, 
or within some contained vessel. Particulate control and highly articulated control of 
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mixture/gas delivery may also be achieved. Smoke control and related systems stand to 
benefit from this method and apparatus as well. 

SMOKE CONTROL SYSTEMS 

0288 Generally speaking, smoke evacuation (or exhaust) systems require high volume, 
high velocity flow for evacuating smoke as quickly as possible from large open areas, 
such as hotel or condominium lobbies, convention halls or auditoriums. On the other 
hand, smoke purge (or pressurization) systems require higher pressure-based systems to 
purge egress corridors and create pressure "sandwiches" that isolate occupants from an 
area of incidence where a fire and resulting smoke originates. This area is in turn 
evacuated (exhausted) or system shutdown occurs to prevent further migration. 

0289 Purge systems also serve to pressurize stairwells and elevator shafts, two highly 
critical concerns of a smoke control system, particularly in high rise buildings that often 
experience high pressure loss and fluctuation due to building envelope leakage, 
infiltration or exfiltration. This is particularly true of elevator shafts, which suffer the 
most from this problem and, additionally, have an extensive roughness factor due to CBS 
construction. If not adequately pressurized, however, they may be susceptible to 
becoming a vehicle of smoke migration. Still, this remains a source of debate due to 
many other influential factors coming into play, namely windage and building stacking 
effect. 

0290 A building stacking effect is formed by a downdraft in warm climates and an 
updraft in cold climates occurring in the building core elevator shaft. These drafts are 
mobilized by indoor and outdoor temperature differentials that influence the pressure 
profile from top to bottom of a building. This effect can only be overcome with correctly 
applied fan power, a possible relief system, and consistent distribution from top to 
bottom. Windage is also an influential factor, creating a positive influence on the 
windward side and a negative one on the leeward. This occurs through 
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infiltration/exfiltration of the building envelope, tending to "skew" the pressure profile of 
the shaft like an uneven deck of cards. 

0291 Clearly, this problem presents a design-build challenge from any perspective. 
Above all, these influences leave little margin for error in providing adequate pressure in 
any tall column, such as a stairwell or shaft to be purged and, thus, made immune to 
smoke infiltration. An extensive length of run and roughness factors, due to the vessel not 
being a smooth conductor, necessitates a high-pressure application. Distribution aside, 
correct mover selection to start with is the key remedy in smoke control systems. 
Typically, vane-axial fans are used for "evac" systems, and higher-pressure BI 
centrifugal fans should be used for purge systems where taller buildings and extended 
shafts or columns are concerned. 

OTHER USES 

0292 Another basic example involves the portion of an air distribution system where air 
exits into a conditioned space. The discharge point where the terminal air outlet (difluser) 
is located requires a high velocity content to develop an adequate throw pattern, isovel, 
and overcome fitting (dynamic losses) associated therewith. The air requires a total 
"push" to move it an adequate distance, then requires a speedy delivery for its final exit. 
However, the primary air temperature, the room temperature and its pressurized 
(stagnant) or otherwise fluent condition, all contribute to the form of the isovel. These 
factors also determine the throw and speed and in what manner the room air (secondary 
air) entrainment occurs under the terminal discharge of the air-fluid, prior, of course, to 
its re-circulation. Thus, utilizing the method and apparatus, throw patterns can be more 
precisely applied and formed in exacting detail with both thermal and fluid mechanics 
considerations. In this usage, zone sensing may be applied to control the effect of the 
given room, vessel, or any other enclosure. The isovel may perhaps be viewed with 
thermal or infrared viewing to observe its actual shape and filigreed form. Such an 
observation may serve a purpose with other fluids, such as gases or air-gas mixtures with 
or without combustion and/or thrust being produced for specific and useful work. In this 
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sense a terminal diffuser may be likened to a thrust nozzle, a fuel injector, or any terminal 
device of delivery. 

0293 The room, compartment, or enclosure itself may also be viewed as a contained 
vessel against which static pressure is measured, or against which a differential static 
pressure is measured from room to adjacent room/area. Typically, the arrangement may 
be such that all rooms within a building are relatively lower in pressure to this core area 
up to the outer bounds of the building envelope and out to open atmosphere. This 
function may serve a room pressurization application, such as that used for medical or 
clean rooms. Using the method and apparatus and the knowledge that precise force can 
be applied where 10" WC equates to 5.2 lbs/ft Sq. of force over area, this may be used 
most effectively. The environment can also be controlled under varying conditions to 
meet preset parameters for desired building pressurization. This may be done on a per 
room basis with a consideration of all rooms and changes incurred such as opening doors. 

0294 Additionally, heat transfer increases and decreases with velocity changes in 
forced convection or counter-flow systems, depending on mass flow rate and total 
enthalpy transferred. Using the described method and apparatus, heat transfer may be 
precisely controlled at terminal heat exchangers in cooperation with 
temperature/density/SG changes of air and fluids for maximum effectiveness. 

0295 Other portions of a distribution system may reap the advantages of high velocities 
to overcome such obstacles due to low flow coefficients and overall high dynamic losses. 
Alternately, higher static pressure will carry the air-fluid through longer straight sections 
and provide precise pressure application where needed. 

SUMMARY 

0296 The overall planned approach presented by the method and apparatus, which 
applies the key gradients in the correct measure where and when needed, will allow the 
conversion process of SP and Vp throughout a given distribution system to preserve the 
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utmost Total Pressure, this all the while decreasing in the direction of flow. As a result, 
this will be considerably more than if it were squandered through neglectful design and 
sensing considerations. 

0297 Additionally, evaluating this effect in exacting degree at various portions of a 
distribution system will create lower horsepower demand and lower total power required 
to perform specific tasks at any given time. High-pressure systems may always be needed 
for some applications, but achieving a tempered balance is one solution to fluid 
distribution problems that ultimately create high demands on total system power through 
overuse of static pressure gradients and misuse of dynamic flow. 

DUAL DAMPER CONTROL EMBODIMENT 

0298 To present a key example of how a primary mover and a terminal control device 
may work in conjunction for a desired effect, note FIG. 16, Series Operation 18, and FIG. 
16A, Parallel Operation 19. 

0299 The primary mover 1 (or blower in this example) is equipped with a VFD 
(Variable Frequency Drive) or some other form of speed control 7. Driven speed of 
rotation is understood as being direct to flow-volume (CFM.) In short, fan rpm direct to 
flow, flow squared to pressures, and flow-frpm ratios cubed to brake horsepower. 

0300 In this example, a known flow rate and Total Pressure as supplied by the blower 1 
pass through the terminal device 3, less losses; these created by overall pressure drop of 
the terminal device from inlet to outlet, length of run, flex fittings, and finally, terminal 
outlet diffiisers downstream of this. Coefficients and other tabulated factors are supplied 
by the system database. 

0301 Let us theoretically assume that the pressure content of the Total Pressure 
produced by the fan is 50/50, 50 percent Velocity Pressure and 50 percent Static Pressure 
and the primary mover 1 is operating at 50 percent capacity (30 HERTZ,) these 
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conditions to be understood as the normal operating conditions, all dampers fully open 
and the system curve reflecting this design condition. 

0302 Suppose that the primary damper-actuator 3 were closed to 50 percent, noting that 
this degree of closure is not direct to pressure drop, as this depends on the 
damper/terminal device 3 characteristics. For this example, we will assume that flow has 
also dropped 50 percent from its previous "wide open" condition and overall pressure has 
dropped to flow-squared, or 25 percent. 

0303 The desired effect would be to increase the Static Pressure content of the Total 
Pressure by creating an "artificial" system curve 5 when throttling the damper 3. The 
velocity portion of the equation has been substantially reduced and the remainder of the 
Total Pressure has been converted to static for the desired effect, whether this be to 
overcome more length of run losses or some other specialized purpose. 

0304 Keeping in mind that some Total Pressure is lost fore of the system in this 
process, the total system curve moves up and to the left along the mover's curve. 1 1 FIG. 
12A 

0305 If not interpreted correctly, the above action could be misconstrued as being an 
indicator of undue system restriction 5, or conversely, adverse mover performance 11. 
One is contingent upon the other. 

0306 In this case, we are proceeding with the assumption that the mover and system's 
performance curves 1 1, 5 are known and firmly established. If one is known, the other 
may be established using said method and apparatus, as previously described. 

0307 Leakage losses will be indicated by any deviation of the system curve 5 in the 
opposite direction from a firmly established starting point 10 - this down and to the right, 
along the mover's steady curve 11. FIG. 12A. This issue is specifically addressed under 
leakage tester embodiment. 
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0308 If a closed damper 3 in a given system 5, for example, were unknown, then a false 
system curve 5 would be plotted, not reflecting actual 'full flow" conditions. However, in 
this example, the throttling of the primary damper 3 is deliberately imposed to create a 
desired effect. Again, because Total Pressure loss occurs fore of the system due to the 
damper's throttling, the frequency drive must ramp up to the appropriate level 7, 
increasing fan power used if the Total Pressure is to be maintained aft of this primary 
damper 3; keeping in mind when blower changes are effected that the blower 's curve 11 
moves along the system 's curve 5 to its new driven speed of rotation. FIG. 12. 

0309 This data may also be viewed on the mover's wide open performance curve 
across a full range of speeds, each being independent of the other when held constant, 
referring to FIG. 6 and 6A. 

03 1 0 To what degree this move is necessitated all depends on what effect is desired and 
can be determined with high precision, based on percentage of content (SP and Vp of TP) 
and the degree to which the system curve 5 strays from its original starting position or 
meets its target position, FIG. 12 A. Also a factor, the degree to which the mover 1 must 
ramp up or down 7 to accommodate the system 5, or maintain the desired operating point 
10 (FIG. 12) keeping in mind any fundamental changes which may be viewed on the 
Vectorial Display. 

03 1 1 This may enable a user to manipulate the OP 1 0 in horizontal, vertical, or in any 
direction, the purpose of which may be to create desired effects in the system 5 and 
mover 1 1 without compromising one or the other elements, such as BHP, heat transfer, or 
flow- volume, while still maintaining necessary constants. Also, the fixed OP 10 may in 
itself be the desired constant in a variable system 24 undergoing many changes. 

03 12 If conditions at this point in the system 5 are acceptable, such as short length of 
run and few fitting losses, then ramping up the VFD 7 and increasing the power of the 
mover 1 may not be necessary to achieve the desired effect. Additionally, the degree to 
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which the mover must exert more power to maintain the desired pressure or flow rate is a 
direct reflection of how efficiently sized and fitted the connected ductwork is. Though 
now solved, this problem may have been avoided entirely, however, if the described 
method and apparatus had been used from origination in designing, selecting, and sizing 
the mover 1 and system 5. 

03 1 3 Following the action of the primary damper 3, the secondary damper 1 8 may then 
modulate to its minimum and maximum set parameters within these pre-established 
conditions as required by the specific task at hand. FIG. 16. 

03 14 As depicted in FIG. 16A, the parallel damper 19 and additional flow source 
provide a cumulative velocity to traverse fitting and directional losses, though the 
primary damper 3 may provide critical run leverage by generating Static Pressure in 
tandem with motor-drive speed control 7 and, thus, maintaining adequate Total Pressure. 

03 1 5 Generally, Parallel Operation 19, as demonstrated in FIG. 16 A, is intended for a 
system 5 with excessive bends and fittings (Vp gradients.) It may also serve a function in 
Constant Pressure applications, with mover 1, speed control 7, terminal devices 3, and all 
related system components working in tandem. Series Operation 18, as demonstrated in 
FIG. 16, may be used in those systems 5 with longer runs and minimal fittings (SP 
gradients.) This arrangement may also serve a function in Constant Volume applications, 
with mover, speed control, terminal devices, and all related system components working 
in tandem. 

03 16 The method and apparatus will also plot TP/SP/Vp curves with the SP/Vp ratio 
shown on display, as with any other embodiment of the same. This will include the entire 
course of all moves or deviations from any prior operating points 10. 
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LEAKAGE TESTING 

03 1 7 A main concern in all ductwork construction, aside from being correctly sized and 
fitted to begin with, is leakage. In the past, leakage characteristics have been difficult to 
pin down in the practical world, as leakage testing at the outset of all projects is rarely 
ever performed, unless specified from the outset. The conditions are also demanding and 
stipulate that all the drop cut out fittings or all outlet/inlet portions of the main duct be 
capped by section. Even this method is a faulty one, as most leakage occurs at fitting 
joints, terminals, and other "takeoff" points that are installed later in the duct construction 
process. 

03 1 8 As a valid solution to current leak testing problems, the described method and 
apparatus may be utilized to accurately distinguish whether losses and general deviations 
in a given system 5 are due to leakage, undue flow or undue restriction (improperly fitted 
or sized ductwork.) The versatile leakage tester embodiment of the method and apparatus 
may take a variety of forms not limited to those described here. The examples presented 
here demonstrate leakage testing conducted with the following: 1) a capped duct main 
section or some unknown vessel or enclosure 5. 2) a new or existing system 5 that has 
already been fitted. Results may be obtained with or without a known system 5 and OP 
10, as shown in FIG. 17 and 17A. 

03 1 9 Additionally, the primary mover 1 and terminal (flow metering) device 3 are 
recommended to be tested with method and apparatus of same, though this is not 
necessary for adequate results in regards to existing movers/systems. 

0320 In any case, leakage rate and quantity may be determined by variances in the 
system curve 5 plotted against the primary mover 1 1 or the terminal device 1 1 that reflect 
relative increases in velocity and, conversely, decreases in static pressure; basically put, 
pressure loss due to leakage and more free flow as a result. Again, the starting point may 
be a known curve 5 established by the design engineer, or may begin at default settings 
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supplied with the mover 1 and/or terminal device 3 for their recommended scope and 
range for optimal efficiency. 

0321 The default setting criteria will be based on known, pre-determined facts 
establishing which type of system 5 the selected mover 1 and terminal device 3 are best 
suited to for optimal efficiency. This will be determined by reliable test results conducted 
under described method and apparatus testing procedures for lab or field conditions as 
circumstances permit. 

0322 To illustrate the general point of determining leakage, the effect on the three-part 
curve would be the following: A system deviation would occur from an established 
design OP 10. The total system 5 moves down and to the right. A percentile increase in 
the Vp gradient will be notable in particular. This may also be represented by a single 
vector pointing down and to the right diagonally. 

0323 FIG. 17 depicts a capped main section 5 undergoing leakage testing. Terminal 
device damper shut-off 3 is used to bring the section to its SP rating and maintain this 
level. It is then able to measure quantitative velocity passing through, per duct surface 
area, as a direct indication of leakage. Its exact CFM amount and whether it is within 
acceptable tolerances can then be determined. 

0324 Note that the Vp must be converted to FPM units prior to actual CFM of leakage 
being determined: FPM x Area = CFM. Also, the following duct data is supplied: Duct 
type, material, seal class, leakage class, pressure class, design static pressure, airflow 
volume, surface area, airflow surface factor, % predicted leakage versus actual measured. 
The FPM across the total surface area determines the actual flow (CFM) of leakage. 

0325 Sequence of operation: The mover 1 ramps up 7 or the terminal device 3 closes its 
damper-actuator until static sensor input reaches the entered value of the duct rating and 
stops. Once SP and Vp solitary curves experience level off, the exact percentage of Vp 
content is determined and noted in sampled or real time. This figure is then converted to 
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FPM units across an adjusted area, this determined from only that section being isolated 
for testing. FPM = SQ. RT Vp x 4005 for standard air. CFM leakage flow rate is 
established. For non-standard air, a density adjustment is made: V = 1096 SQ. RT. Vp/d. 

0326 FIG. 17 shows SP and Vp solitary curve displays 6 plotting level-off plateaus, 
where each gradient is required to remain constant under testing conditions. 

0327 The above embodiment allows for convenient in-line leakage testing at any point 
in a distribution system 5 under control of same method and apparatus 25, from the 
primary mover 1 to any designated section 5 where there is a terminal device 3 fitted with 
damper control throughout a system in entirety, whereas previously, crude orifice plates 
and cumbersome "clamp-on" leakage testers have been employed with enormous effort 
and inconvenience, one capped section at a time. 

DETERMINING VOLUME OF A GIVEN VESSEL OR ENCLOSURE 

0328 By metering a free flow rate and considering density of air or specific gravity of a 
fluid entering a vessel, the said method and apparatus may determine the interior volume 
of a given vessel or enclosure 5. FIG. 1 8. 

0329 First, the system curve 5 of the vessel/enclosure 5 may be established through 
precise, instant readings. Assuming a known terminal device 3 or flow-pressure station 2 
connected thereto, the free flow rate continues until build up of static resistance causes it 
to begin to cease. This exact point, wherein flow encounters maximum resistance - or the 
total static power of the primary mover 1 - will be marked as a cutoff point. The exact 
flow volume rate that passed the metering device will be derived from CFM units, after 
Vp is converted to FPM. Therefore, an instant reading occurring at this cutoff point of 60 
CFM, for example, will mean 60/60 = 1 cubic foot of interior volume inside of the vessel 
or enclosure. 
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0330 Any flow characteristics beyond this pivotal point will be plotted and noted as 
well. These may be interpreted as static and dynamic factors present after the vessel has 
been filled to its flail interior volume, or more indicatively, when the primary mover 1 has 
reached its total static power, less the total static drop of the metering device, less any Vp 
which may exist in the form of leakage leaving the vessel at a steady rate. 

033 1 Thus, a lesser, tapering off of dynamic flow may be measured and interpreted as a 
leakage rate after the threshold of fiill volume has been achieved. Static qualities may be 
noted as well, before and after the vessel has reached its foil volume, depending on 
whether compressible or non-compressible fluids are being used and what changes of 
fluid state may be occurring. 

0332 The method and apparatus embodiment may also be used for compressible gases, 
fluids, or mixtures, given temperature/density/SG corrections. Also, the desired level of 
compression may be set by adjusting these figures after full volume of the vessel is 
achieved one time over. The gas or fluid may be further compressed beyond this point 
with temperatures, densities, specific gravities being precisely monitored and set 
according to known characteristics of the gas/fluid/mixture or level of compression 
within the vessel. 

0333 A uni-directional valve, or shredder-type valve, such as those used in containers 
of such gases or fluids may be employed to keep the compression level constant and 
contained. If articulate control of the gas-fluid's passage into the container is desired, a 
fitting terminal device 3 similar to those previously discussed may be employed. Units of 
measurement may be switched or converted, e.g., PSI, "Hg, metric equivalents, etc. 

0334 The above embodiment may be ideally suited to the same air-fluid distribution 
system 5 for its refrigerant compression/expansion cycle, affording precise control of the 
mover (compressor) 1 and thermostatic expansion valve, a terminal device 3 in itself. The 
compressors are normally rotary-type or positive displacement movers, which are 
inclined to be less responsive to pressure. This is precisely why adequate pressure control 
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within the vessel containing the gases in changing states can be highly beneficial to the 
refrigeration cycle, along with properly timed movement or flow-rate. The method and 
apparatus provides the means to control such a system with quantitative precision and 
exact timing, which is crucial to the expansion and condensate cycle, as this tends to over 
or under shoot in current systems with wide dead bands, not allowing full heat exchange 
potential to be realized between the evaporative and condensate phases. Employing the 
method and apparatus in such a manner avoids loss of and boosts optimal heat exchange 
effectiveness within this system itself, which may simply be viewed as an additional 
distribution system with terminal (valvic) control and a mover of one form or another. 

0335 The above function of the method and apparatus may apply to any cooling or 
heating system condensate, expansion, absorption, or other cycle, with or without a 
change of state, involving air-fluid mechanics including gases, mixtures, and thermal 
dynamics as described in any form, number, or combination. 

FLOW-HEAD (OR FLOW-PRESSURE) STABILITY 

0336 Due to a condition known as flow-head instability, a piping distribution system 5 
may tend to cause automatic or sensor-motor controls to hunt in an adverse cycle, short- 
circuiting the distribution system and causing incorrect sensor feedback. As a result, 
automatic controls operate in a small part of their range. This condition occurs mainly in 
hydronics distribution systems in which three-way valve control is used on primary or 
secondary circuits. These circuits often have improperly sized differential valve 
capacities or flow coefficients assigned to them (Cv's or K factors in air and like 
systems) across an appropriate range of movement between full flow to full bypass of a 
main or terminal circuit. In open hydronics systems, elevation and the location of these 
bypass lines also impacts this effect. 

0337 Among other things, system flow-head variation can cause chiller short cycling, 
diminished heat exchange effectiveness at primary and/or terminal heat exchange 
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devices, such as cooling or heating coils. It may also create other load imbalance 
problems, such as load shifting or load sharing. 

0338 Use of the described method and apparatus increases and improves the 
characteristics of this critical range of valve movement between full flow to foil bypass. 

RANGE OF MOVER-SYSTEM LOADING AND UNLOADING 

0339 During normal operation, loading and unloading of terminal units 3 with increases 
and decreases in system demand alter the OP (Operating Point) 10 of the system 5. 
Terminal devices may include but not be limited to: valves, heat exchange terminals 8, 
and any solid-state components, which affect airside, waterside, heat-flow, etc. 

0340 Appropriate boundaries may be established for pumping or moving equipment 
that represent parameters of possible loads. FIG. 35. These parameters 23 are set by the 
diverse loading and unloading of terminal units/devices 3 within the system 5 and are 
largely tied to the system diversity 22. This designated region, as best established by said 
method and apparatus, outlines the scope of pumping or moving energy that can be 
conserved when the mover speed is variable 7. This area is greatly increased in scope and 
breadth by the method and apparatus, namely but not solely due to improved flow-head 
stability and its ability to increase the margin, size and scope of diversity 22. Specifically, 
the area of mover and terminal device operation 24 is 'flattened" and 4t widened," an area 
where modulating valves 3 or terminal devices 3 operate best. The other key benefits: 
BHP demand and total power required is lessened, system resistance is lessened, static 
efficiency is increased. Note FIG. 35, crosshatched areas. Additionally, this support is 
furthered by its individual breakdown of TP where and when needed, and as specifically 
demanded by terminal or in-line components (valves, etc.) with all of their pre- 
determined characteristics therewith. In what number and to what degree the valve 
demand is required is also tempered by the method and apparatus. The latter effects may 
also be established with the method and apparatus as previously stated or otherwise. 
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0341 Also referring to FIG. 35, independent system curves or independent heads are 
plotted to illustrate and define system constants against any system variation as produced 
by loading/unloading within the variable system 24, thermal or mechanical. As a result, 
the pressure (head) or flow capacity may be arbitrarily adjusted to either increase system 
pressure or increase system flow and place the operating point 10 where best suited or 
desired. Note that the relationship need not be inversely related, wherein one decreases as 
the other increases, as these may also be viewed and controlled as independent 
relationships and manipulated for useful purposes by way of the method and apparatus. 
Thus, the use of the method and apparatus allows one to alter the system characteristics 5 
independently, and/or alter the mover characteristics 1 1 independently and, ultimately, 
reconfigure the operating point 10 or juxtapose the new operating point 10 with a 
previous one. Altering mover characteristics 1 1, for example, may be accomplished by 
specific changes to RPM, drive changes or, in the case of pumps, changed impeller 
diameters as varied in direct proportion to flow. Additionally, any relationship relating to 
flow-pressure, BHP, and affinity laws present enough information to either extrapolate 
or, preferably, interpolate performance projections. The described method and apparatus 
provides the best means for an accurate interpolation of performance data or any relevant 
data and for providing equipment recommendations. Altering system characteristics 5, for 
example, may be accomplished by fitting changes to the distribution system entailing all 
tabulated and database references as previously noted. 

342 In hydronics systems, the minimum differential head constant shown in FIG. 35 is 
presented as a constant derived from the distribution system's critical run 5 and terminal 
device 3 at full demand or full capacity. The total vertical difference of the system curve 
extremes represents the total system losses (main circuits and all terminals) from 
minimum to maximum demand operation. The center vertical line represents the 
pressure/head constant delineated by a vertical move top to bottom only. The solid 
system line crossing the center in FIG. 35 represents where a constant volume system 
(non-variable or symmetrically loaded) would operate, if it were thought of as such a 
system. You might say that it is tempered precisely between the two outer parameters 
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shown. Dotted steep and flat curve lines delineated the parameters of total system 
operation. 

343 The crosshatched areas shown in FIG. 35 represent the possibilities and 
constraints of variable system operation 24 with a variable mover 7 attached. Mover 
efficiency and affinity relationships may also be considered and the operating point 10 
deliberately placed in effective areas by the method and apparatus. The parameters set by 
the HI and LO curve areas 23 may provide an exact window of mover rpm control 1 1 or 
terminal valve modulation control 11, whether interpolated from an existing system or 
specifically designed using the method and apparatus from origination. Vectors may 
better illustrate this and other critical areas to avoid a crowded image. Their immediate 
length and direction demarcate exact system operation and boundaries. They also identify 
the operative element at hand as previously noted. Once these designated boundaries are 
firmly defined and an OP placed, the method and apparatus may refer to its database to 
determine exactly appropriated equipment, or closest stock equivalents currently 
available, i.e., movers and fittings for the fully designed system. 

344 In most hydronics systems with standard water, velocity may be negated for 
practical purposes, and so TP=SP. In an air system, the parameters shown in FIG. 35 are 
outlined through the TP, Vp, and SP breakdown. Similarly, the operating parameters for 
an air system can be determined by the critical run and terminal device, noting that in this 
case the parameters are not determined only by a differential static or differential head 
pressure. A hydronics system has return piping friction losses plus the terminal device 
(valve) total drop that are accounted for in a closed loop system. Water must return in a 
closed piping system, where air is delivered to an open space and converted to 100% 
velocity at some point. Despite this interruption between a variable supply air distribution 
terminal and its ducted or non-ducted return air plenum, the starting datum parameter for 
an air system is similarly set by the critical run and its maximum demand, considering 
total, static, and velocity pressures. Conversely, its minimum demand position sets the 
low demand parameter and a variable mover 7 ramps down to track with the variable 
system 24 with open or closed loop control. This action, however, changes the system 



105 



106 



curve 5 considerably and is the main reason current VAV systems have trouble operating 
in lower demand situations, further compounded by the ramp down and Total Pressure 
loss of the mover 1 based on current sensor use and placement, which clearly does not 
work. The complete landscape of the distribution system changes. Its total dynamics 
change, even the critical run or runs may change from the maximum demand position. 
The prescribed mover's reaction to the "new" system changes as well. The method and 
apparatus addresses these problems by identifying and evaluating these critical runs with 
or without system diversity, mapping, changing runs, etc., among other means described. 

345 In basic terms, Total Pressure conversion occurs with motorized damper, terminal 
device 3 repositioning, change of flow cross-sectional areas, k-factors, etc. The other 
counter-productive variable in current systems is the mover variable 7. The variable 
speed mover or older vortex system tracks down as dictated by incorrect static sensing 
and, consequently, lowers Total fan pressure 20 indiscriminately, particularly on the 
suction side - its first casualty, as noted previously. Current static pressure sensing 
methods and their described limitations cannot cope with these changes. The method and 
apparatus addresses this problem as described. 

KEY CONTRASTS OF THE DIFFERENTIAL PRESSURE / HEAD CONSTANT 

346 In the case of an air system, the differential pressure constant shown in FIG. 35 
may be replaced by a Total External Pressure 21, unlike a differential head in a hydronics 
system. Specifically, this accounts for all supply air and return air ducting external to the 
prime mover 1 and losses needed to be overcome by total mover gains - in maximum 
total system demand 23. This denotation is chosen in light of current packaged systems, 
which include blowers, coils, filter sections, modules, in-line devices, etc., as noted 
previously. Again, note the TEP 21 as delineated in FIG. 3, and as distinguished from 
prior understanding with the added breakdown of TP into SP and Vp. Referring again to 
System Effect losses, particularly on the suction side of packaged movers or packaged 
t4 units" as currently understood, there is a special consideration for the suction pressure as 
viewed independently, due to outdoor air and return air rates, which must be maintained 
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within tolerances in a variable air volume (and pressure) system commonly prone to 
suction pressure losses as mentioned previously. Such deficiencies, in turn, contribute to 
variable air systems' failure to achieve adequate outdoor air rates and, moreover, return 
air rates, which recover cooling load. Thus, the Unit Total External Pressure 21 as here 
described is the differential pressure constant (vertical) viewed in the crosshatched 
operating zone in FIG. 35. Additionally, the method and apparatus can re-plot these 
parameters for minimum operation due to reasons previously described, including 
maintaining outdoor air rates. Above all, the parameters and complete characteristics of 
mover-system operation will always be appropriately tracked throughout all degrees of 
system or terminal device ranging at all times and conditions of such operation, as 
previously described. Namely, the key consideration will be Vp in an air system and, 
above all, the conversion of TP into VP and SP elements, which is not a problem when 
referring to a standard hydronics system, where TP=SP. Thus, the operating zone 24 
shown in FIG. 35 is delineated separately and at separate mover and valve constants 1 1 
for both minimum and maximum operation of air terminal devices 3, unlike in a standard 
hydronics system, where this may or may not be deemed necessary. 

347 In contrast, the parameters shown in FIG. 35 indicate total pressure loss and gain 
required for a hydronics distribution system's supply and return mains. In an open 
hydronics system, return head is either negated by elevation or provided for by additional 
pumping power if suction lift is required (usually avoided.) One key difference between a 
hydronics system and an air system when viewing FIG. 35 is that flow increases as head 
lowers in a hydronics system, where flow decreases as pressure lowers in an air system, 
at least where performance curves and projected affinity relationships are concerned. 
These are the common extrapolations as currently understood when viewing performance 
curves supplied by a manufacturer. The method and apparatus addresses this problem as 
previously described. In any case, the purely functional image in FIG. 35 simply 'flip- 
flops" where both air or hydronics systems and their min/max or '"total" parameters are 
concerned. Separate, detailed images for a pump or a blower curve would be provided on 
a detailed display 6, since BHP, RPM, and efficiency markings are quite different for the 
two. Again, the key exception to the above problem is already pre-determined by the 
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method and apparatus as previously described. And that is that these characteristics may 
be misleading in a system 5 where, for example, static increases occur due to undue 
restriction, rather than increases in flow by previously thought performance prediction. 
This is sometimes referred to as an "artificial" change in the system 5, such as when a 
discharge balancing damper 3 is throttled to increase pump head for desired results. 

0348 Steep curved pumps or movers 1 do not respond well to valve differential head. 
One goal is to minimize the valve pressure ratio increase between the mover 1 and the 
valve or terminal device 3, or maintain the Unit Total External Pressure 21 in air systems. 
Through maintaining optimal flow-head stability and previously described use of the 
method and apparatus, the method and apparatus minimizes the valve pressure ratio 
increase between the mover 1 and valves or terminal/in-line devices 3 within a 
distribution system 5. The method and apparatus makes possible a wider range of load 24 
and, thus, a flatter operating curve for terminal equipment. This can also permit the use of 
steeper curved movers 1 to maximize their limited range 24 within distribution systems 5, 
or vice versa; steeper curved systems 5 may be paired with flatter movers 1 . It then 
follows from the above and previous description that the method and apparatus allows 
automatic control valves 3 and all variables within the distribution system or sub-system 
to operate in a greater, more effective range 24. 

0349 The many functions and embodiments of the method and apparatus shall not be 
limited to those described here in any form, number, or combination, nor to any industry, 
field, art, or science that may employ such means to further its advancement through 
utilization of the method and apparatus. Such parallels to other arts, which the described 
method and apparatus stands to advance, may include: electronics or electric current 
flow, where electromotive forces (voltage and amperage) are concerned, semiconductor 
operation, signal modulation (frequency and amplitude) transmission and reception, 
telecommunications, information transfer, storage and retrieval - computerized or 
otherwise. Use of the method and apparatus stands to improve overall engine operation, 
transmission, power, and performance, including BHP to torque relationships; any variety 
of gas, fluid, or mixtures and their movement, distribution, or containment, including 
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hydraulic machines or those otherwise pressurized below or above atmosphere. Use of 
the method and apparatus may advance the economic principle of supply and demand and 
currency flow. Biologically or mechanically, the use of the method and apparatus may 
advance cardiological functions such as cardio (aerobic) and anaerobic (force and 
resistance) heart and muscle operation, where circulatory or other such biological or 
mechanical vascular systems are concerned. The method and apparatus may pertain to 
pulsation, modulation, or pulse-width modulation in place of rotation for movers that do 
not rotate or other solid-state machines not utilizing moving parts. Finally, the principle 
operation of the method and apparatus may be reduced to the prime concepts of kinetic 
energy and potential energy. 
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